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Abstract: Pancreatic cancer is one of the deadliest types of cancer and is still difficult to treat, despite recent medical advanc-
es. Many studies show correlations between the human oral and intestinal microbiota and pancreatic cancer. The mecha-
nism of action of microorganisms on the pancreatic microenvironment is still not fully understood. The aspect of immune
response related to treatment and the microorganisms present has also been addressed. This review presents current evi-
dence on the human microbiota, mainly focusing on its bacterial contribution and influence, and identifies the areas that
may benefit most from earlier diagnosis and the potential for less invasive treatment of pancreatic cancer. A review of all the
latest literature (n=86) in peer-reviewed English-language journals with an Impact Factor from PubMed (NCBI) and Goo-
gle Scholar was conducted; most studies concerned the analysis of bacteria in the human microbiota or in a mouse model.

1. Introduction. 2. The association between oral microbiome and pancreatic cancer. 3. The association between gut microbiome and
pancreatic cancer. 4. Known mechanisms of the association between microbiota and pancreatic cancer. 5. The impact of dysbiosis on the
effectiveness of pancreatic cancer treatment. 6. Conclusions.
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1. Introduction Pancreatic cancer is non-specific and difficult to

diagnose in its early stages. The anatomical location of
Pancreatic cancer (PC) is characterised by a high

mortality rate and low survival rates. It is classified as
the third most common cancer as a cause of cancer
deaths, right after lung cancer and colon cancer. The
estimated number of deaths in 2024 from pancreatic
cancer in the United States for both sexes is 66.440
thousand, of which 51.750 thousand will be fatal cases,
accounting for 77.89% of pancreatic cancer mortality
(Siegel et al. 2023; Siegel et al. 2024). A study by Santuc-
ci et al. (2024) forecasts a continued decline in cancer
mortality across the EU, with age-standardized rates
expected to fall by 6.5% for men and 4.3% for wom-

the pancreas is an additional complication in the di-
agnosis of pancreatic cancer (Maitra et al. 2024). The
cancer can develop in the exocrine cells of the pan-
creas, which are responsible for producing digestive
juices, or in the endocrine cells of the pancreas, which
produce hormones. However, pancreatic cancer starts
to develop in the exocrine cells in approximately 95%
of cases and belongs to the histological subtype of duc-
tal adenocarcinoma, which is associated with a poor
prognosis and a lack of effective therapies (Grant et al.
2016; PDQ Adult Treatment Editorial Board 2024).

en relative to 2018 levels. On the contrary, pancreatic
cancer shows an unfavorable prediction in studies in
the EU, and mortality from this cancer is increasing
in both sexes. Mortality rates for both sexes (+1.6% in
men and +4.0% in women) (Santucci et al. 2024).

Pancreatic exocrine insufficiency, resulting from ob-
struction of the pancreatic duct, fibrosis, or tissue loss,
contributes to malnutrition and weight loss in patients
(Vujasinovic et al. 2017; de la Iglesia et al. 2020; Sabat-
er et al. 2016).
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The etiological factors of PC include non-modi-
fiable germline genetic factors as well as modifiable
factors such as smoking, obesity, and diabetes (Stan-
ciu et al. 2022; Gentiluomo et al. 2022). Approximate-
ly 5-10% of pancreatic cancer patients have a familial
background, while the genetic contribution in the re-
maining cases is unknown, suggesting a role for the
environment in the etiology of the disease (Goggins
et al. 2020). Molecularly, epigenetic alterations and
somatic mutations, especially activating mutations in
the KRAS gene, play a central role in the pathogenesis
of PC. KRAS mutations, though rarely inherited, are
commonly acquired and act as a critical driver of tu-
mor initiation and progression (Baylin and Jones 2016;
Chen et al. 2021; Alonso-Curbelo et al. 2021).

The study and development of epigenetic mecha-
nisms of metastasis in pancreatic duodenal carcinoma
has the potential to facilitate effective therapeutic in-
tervention(Wang et al. 2021; Chen et al. 2021).

Recently, the role of the microbiome in the context
of pancreatic cancer has also received much attention.
A correlation has been observed between the com-
mensal microbiome (classified as an environmental
factor) and certain gastrointestinal cancers, including
those affecting patients with pancreatic cancer. How-
ever, the available data remain inconclusive (Sexton et
al., 2022). Further study of the epigenetic mechanisms
underlying metastasis in pancreatic duodenal carcino-
ma could facilitate the development of effective thera-
peutic interventions. The natural ecosystem of micro-
organisms is also susceptible to various environmental
factors, which may contribute to the disruption of the
organism’s overall homeostasis. It has been shown that
alterations of the microbiota in the pancreas-gut axis
can cause chronic pancreatic inflammation, which
is one of the risk factors for pancreatic cancer. It has
been proven that fungal intestinal microbiota is also
associated with carcinogenesis. Fungal dysbiosis with
yeasts of the genus Malassezia has been implicated in
the development of cancer at an early stage (Speth et al.
2022). The previous studies have shown the influence
of fecal and oral microbiomes not only on pancreat-
ic carcinogenesis but also on immune modulation in
pancreatitis (Thomas and Jobin 2020). Microbiota can
be a powerful source of biomarkers for identifying in-
dividuals with pancreatic ductal adenocarcinoma and
their prognosis (Pourali et al. 2024).

This review specifically highlights research on the
bacterial microbiome, which represents the most ex-
tensively studied microbial group in the context of
pancreatic cancer. In this article, we present a gener-
al overview of what is known about the impact of the
bacterial oral and gut microbiome on the incidence of
pancreatic cancer and discuss the effectiveness of ther-

apy by modulating the microbiome. A literature search
was performed using databases such as PubMed and
Google Scholar, with search terms including “Pancre-
atic Cancer;” “Resistance,” “Therapy” and “Microbio-
ta”. The analysis included 89 articles, which were pri-
marily based on meta-analyses, as well as prospective,
retrospective, clinical, metagenomic, and expectorant
studies. The study population comprised individuals
diagnosed with pancreatic cancer or pancreatic ductal
adenocarcinoma, as well as a control group of healthy
individuals. We also included pancreatitis as one of the
most important etiological factors of pancreatic cancer.

2. The association between the oral microbiome and
pancreatic cancer

To date, 619 bacterial taxa representing 13 phyla
have been identified in the human oral microbiome
(Dewhirst et al. 2010). It is a highly diverse and dy-
namically changing group of microorganisms that var-
ies even in terms of where the sample is taken from,
for example oral mucous membrane, tooth pockets,
teeth, and tongue. Examples include saliva, tongue
plaque, and mouthwash (Nearing et al. 2020). Saliva
contains a broad spectrum of bacterial species, and the
sampling method is convenient and relatively cost-ef-
fective. Studies show that using diagnostic models to
characterize the oral microbiota, microbial biomark-
ers can provide a diagnostic tool for pancreatic cancer.
The studies with 16S rRNA sequencing revealed there
are significant differences in quantitative and qualita-
tive species composition between the microorganisms
found in the saliva of healthy individuals and those
with pancreatic cancer or a pre-cancerous condition
(Fan et al. 2018; Wei et al. 2020). A malignant condi-
tion such as pancreatic ductal adenocarcinoma, is a
consequence of chronic inflammation and is driven by
ongoing inflammation associated with immunosup-
pressive CD4+ T lymphocytes. It can be concluded
that chronic inflammation of the pancreas induces car-
cinogenesis (Guerra et al. 2007).

In the study presented by Chen et al. (2023), a group
of patients with pancreatic cancer and chronic pancre-
atitis was compared to healthy controls. Fecal and saliva
samples analyzed by the 16S rRNA sequencing meth-
od and real-time qPCR revealed that oral pathogenic
genera significantly predominated in pancreatic can-
cer, especially Granulicatella, Peptostreptococcus, Al-
loprevotella, Veillonella, Bacteroidetes, Firmicutes, and
Proteobacteria, accounting on average for more than
80% of all observed species. In patients with chronic
pancreatitis, the average relative abundance of the two
phyla of Firmicutes and Verrucomicrobia was signifi-
cantly higher than that in healthy controls. A marked
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enrichment of pathogenic bacterial genera, including
Granulicatella, Peptostreptococcus, Alloprevotella, Veil-
lonella, Solobacterium, and Streptococcus, was detected
in the oral microbiota of patients diagnosed with pan-
creatitis. These results were similar to those described
by Farell et al. (2012). Other studies, using the same
technology of sequencing, demonstrated that the rel-
ative abundance of Porphyromonas, Haemophilus, and
Paraprevotella genera was significantly higher in the
healthy tongue plaque microbiome, while in patients
with chronic pancreatitis, Leptotrichia, Fusobacteri-
um, Actinomyces, Rothia, Solobacterium, Oribacterium,
Campylobacter, Atopobium, and Parvimonas families
occurred significantly more often. The most notable
differences between the microbiota of the tongue lin-
ing of patients with chronic pancreatitis and healthy
controls were low levels of Haemophilus and Porphyro-
monas and high levels of Leptotrichia and Fusobacteri-
um (Mitsuhashi et al. 2015; Lu et al. 2019).

Further extensive research included: 361 cases of
pancreatic adenocarcinoma and 371 matched controls
selected from two large prospective cohort studies: The
American Cancer Society Cancer Prevention Study II
(CPS-II) and the National Cancer Institute Prostate,
Lung, Colorectal and Ovarian Cancer (PLCO) Screen-
ing Trial. The pre-diagnostic oral wash samples collect-
ed from participants were also analyzed by 16S rRNA
gene sequencing. It showed that carrying Tannerella
forsythia and Prevotella intermedia in the mouth, in
contrast to Porphyromonas gingivalis, was not associ-
ated with pancreatic cancer risk. This association was
evident for both those with low bacterial abundance
(below the median relative abundance) and those with
high bacterial abundance (above the median relative
abundance) (Fan et al. 2018). Another large European
prospective cohort study - The European Prospective
Investigation into Cancer and Nutrition (EPIC) - an-
alyzed 405 patients with pancreatic cancer compared
to 416 controls. Using Luminex-based immunoassays,
it was noted that individuals with high levels (>200
ng/ml) of antibodies to the periodontal pathogen Por-
phorymonas gingivalis had twice the risk of pancreatic
cancer compared to those with lower levels of these
antibodies (<200 ng/ml). It was found that people with
consistently high levels of antibodies to common oral
bacteria had a 45% lower risk of pancreatic cancer
compared to those with lower levels of antibodies. The
antibody levels were measured in blood samples taken
up to 10 years before the cancer was diagnosed, which
is likely to minimize changes in the immune response
after the development of pancreatic cancer (Michaud
et al. 2013). The association between an elevated level
of Porphyromonas gingivalis and Aggregatibacter acti-
nomycetemcomitans and an increased risk of pancreat-

ic cancer was also shown. A long-term study involving
59,000 African American women, with a follow-up pe-
riod of 21 years, found that participants with poor den-
tal health had a higher likelihood of developing pan-
creatic cancer. Periodontitis has been associated with
at least a 50% increased risk of pancreatic cancer and
can be considered a potential risk factor for this ma-
lignancy (Pietzner et al. 2021; Ungureanu et al. 2023).
Kaci et al. (2014) also found that the most prominent
feature of the oral microbiome for pancreatic ductal
adenocarcinoma was a significant reduction in Strep-
tococcus salivarius, a bacterium known for its anti-in-
flammatory properties. It has been demonstrated that
metabolically active Streptococcus salivarius JIM8772
exerts significant anti-inflammatory effects in murine
models of both moderate and severe colitis. Based on
these findings, it can be hypothesized that high levels
of Streptococcus salivarius colonization in the mouth
and intestine may be associated with a reduced risk of
pancreatic cancer, possibly due to its anti-inflammato-
ry and immunomodulatory effects (Kaci et al. 2014).
In another study, it was shown that Ganoderma atrum
polysaccharide (PSG) and White Hyacinth Bean poly-
saccharide (WHBP) were used to investigate their ef-
fects on the microbiota of the oral cavity, gut, pancre-
as, and lungs in rats with type 2 diabetes. The results
showed that oral microbiota was significantly similar
to pancreatic microbiota, more than the gut microbi-
ota. This suggests a potential role for saliva as an early
biomarker of pancreatic changes. Treatment with PSG
and WHBP not only improved pancreatic condition
but also helped stabilize the oral microbiota, indicating
a strong correlation between these two environments
(Wu et al. 2022).

3. The association between gut microbiome and pan-
creatic cancer

It is well known that the human gut microbiota
plays an important role in the functioning of the body,
both by influencing metabolism and regulating the
immune system. Disturbances in the bacterial balance
can have negative effects on various organs, including
the pancreas (Adolph et al. 2019; Zhou et al. 2020).
Altered gut microbiota is influenced by factors relat-
ed to inflammatory, metabolic, and malignant diseases
(Montenegro et al. 2022; Maev et al. 2023). A study in-
volving 1.795 volunteers who provided stool samples
found that changes in gut microbiota composition
were primarily associated with pancreatic stromal cell
function. Ductal cell function appeared to play a less
significant role (Frost et al. 2019). To detect bacteria
in human pancreatic ductal adenocarcinoma (PDAC)
samples, Geller et al. (2017) used real-time quantita-
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tive polymerase chain reaction targeting the bacterial
16S rRNA gene and confirmed bacterial presence with
non-PCR methods: ribosomal RNA fluorescence in
situ hybridization (FISH) and immunohistochemistry
using an anti-LPS antibody. Research has shown that
the most frequently identified species in pancreatic
ductal adenocarcinoma (approx. 52% of all reads) be-
long to the class Gammaproteobacteria, with the ma-
jority represented by the Enterobacteriaceae and Pseu-
domonadaceae families in the Proteobacteria cluster.
Proteobacteria are abundant in the duodenum, into
which the pancreatic duct opens. This suggests that
retrograde migration of bacteria from the duodenum
into the pancreas may be the source of bacteria associ-
ated with pancreatic ductal adenocarcinoma (Geller et
al. 2017). In a study comparing the gut microbiota be-
tween pancreatic cancer patients and healthy controls,
it was found that the composition of the gut microbiota
was similar in both groups, among the bacterial phyla,
Firmicutes and Bacteroidetes were dominant. Howev-
er, it showed again that patients with pancreatic ductal
adenocarcinoma had a significantly higher presence of
Proteobacteria, Synergistetes, and Euryarchaeota phyla
compared to the control group (Pushalkar et al. 2018).

The above study mentioned Chen et al. (2023) de-
scribed an interesting study of the gut microbiome in
a group of cancer patients compared to healthy par-
ticipants. They found that Prevotella spp. was present
at significantly higher levels in cancer patients. In the
study, its percentage of the pancreatic microbiota was
17.64% (relative average) compared to the control
group, in which Prevotella spp. accounted for only 6.4%
of the tested microbiota (relative average). Andréasson
et al. (2024) analyzed stool samples from rheumatoid
arthritis (RA) patients (n=50) before and after treat-
ment using a 16S rRNA-based GA-map Dysbiosis Test
and qPCR for Prevotella copri, assessing microbiota
changes in relation to disease activity (DAS28-CRP).
They have shown that Prevotella copri was involved in
the development of RA in mice through the Th17/IL-
17 pathway. Similarly, isolated P. copri strains (n=13)
from RA patients and healthy controls were whole-ge-
nome sequenced. To assess their arthritis-inducing
potential, two mouse models were used: collagen-in-
duced arthritis under specific-pathogen-free condi-
tions and SKG mice monocolonized with P. copri. In
vitro stimulation of bone marrow-derived dendritic
cells (BMDCs) showed that P. copri induced stronger
IL-17 and Th17-related cytokine responses (IL-6, IL-
23), suggesting a higher pro-inflammatory potential
(Nii et al. 2023). The same pathway can also acceler-
ate the development of pancreatic precancerous con-
ditions (PanIN), suggesting that Prevotella copri may
play a role in promoting pancreatic cancer through
Th17 activation.

Additionally, multicenter study revealed distinctive
gut microbiota profiles for PDAC patients, including
significant increases in Streptococcus spp. and Veil-
lonella spp. and a reduction in Faecalibacterium praus-
nitzii. The study was based on shotgun metagenomic
analysis of fecal and salivary samples collected from 47
treatment-naive PDAC patients and 235 non-PDAC
controls across Japan, Spain, and Germany (Nagata
et al. 2022). Studies have also shown that a cancerous
pancreas contains a significantly more diverse micro-
biome compared to a healthy pancreas. An increased
number of specific types of bacteria have been ob-
served in pancreatic ductal adenocarcinoma compared
to their presence in the gut, and it has been shown that
these bacteria can migrate through the pancreatic duct
(Dickson 2018; Del Castillo et al. 2019). Studies in-
vestigating the presence of bacteria in pancreatic juice
and bile from patients with pancreatic ductal adeno-
carcinoma, using PCR targeting the 16S rRNA gene,
consistently identified Enterococcus spp. and Entero-
bacter spp. as predominant in bile samples, suggesting
a potential route of pancreatic infection. This method
was applied in two separate studies: one analyzing 36
samples (Maekawa et al. 2018) and another analyzing
101 samples (Stein-Thoeringer et al. 2025), both con-
firming the frequent presence of bacterial DNA. Addi-
tionally, pancreatic cancer patients showed significant-
ly elevated serum antibody levels against Enterococcus
faecalis envelope polysaccharide compared to healthy
individuals.

Analysis of the gut microbial profile showed that 15
taxonomic groups were significantly enriched in pan-
creatic cancer patients, mainly including the genera
Prevotella, Veillonella, Klebsiella, Selenomonas, Hallella,
Enterobacter, and Cronobacter. On the contrary, 25 tax-
onomic groups, primarily Gemmiger, Bifidobacterium,
Coprococcus, Clostridium cluster 1V, Blautia, Flavon-
ifractor, Anaerostipes, Butyricicoccus, and Dorea were
significantly reduced in fecal samples from pancreatic
cancer patients compared to healthy individuals. The
results were obtained using linear discriminant anal-
ysis. These studies also highlight differences in micro-
bial composition depending on the stage of pancreatic
cancer. The genera Lactobacillus, Haemophilus, and
Streptococcus were significantly more abundant in
patients with stage II disease compared to those with
stage I (Ren et al. 2017). Also, patients with a stom-
ach infection due to pathophysiological colonization of
Helicobacter pylori, may be at higher risk for increased
pancreatic cancer (Maisonneuve and Lowenfels, 2015).
Seropositivity of antibodies to H. pylori and its viru-
lence protein for CagA-positive strains of H. pylori
was determined using commercial IgG immunoassays.
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The results of these studies suggest that colonization
by Cag A-negative strains of H. pylori may affect the
risk of pancreatic cancer. It is associated with changes
in stomach acidity, Cag A-negative strain, and hyper-
chlorhydria modulate pancreatic carcinogens and in-
crease the morbidity of pancreatic cancer (Risch et al.
2014). Gastric acidity stimulates bicarbonate and fluid
secretion from pancreatic ductal cells. This mechanism
allows H. pylori to reside in the stomach and interfere
with the function of the pancreatic ductal epithelium.
Thus, it can be suggested that the differential modifica-
tion of chronic gastric acidity by CagA-negative strains
of H. pylori may affect the risk of pancreatic cancer.
However, further studies analyzing this relationship
are needed to draw firm conclusions (Risch 2012; Hi-
rabayashi et al. 2019), because the seropositivity of H.
pylori strains varies depending on the continent where
the study was conducted, so the seropositivity test may
show different results depending on the origin of the
study group (Wang et al. 2014; Huang et al. 2017).
There is a lot of evidence that H. pylori is significant-
ly correlated with the occurrence of pancreatic cancer.
Based on the results of a study of the Asian population,
a correlation between H. pylori infection and the inci-
dence of pancreatic cancer was proven (Hsu et al. 2014;
Xu et al. 2022).

Literature data clearly indicate that differences in
the composition of the gut microbiota may reflect or be
associated with the presence of pancreatic cancer (Da-
ley, 2022). This may become an important diagnostic
marker. However, it should be remembered that pa-
tients with pancreatic cancer are often a heterogeneous
group of patients with other comorbidities. Therefore,
samples from cancer patients differ significantly in the
microorganism’s composition. Nevertheless, higher
proportions of bacterial genera belonging to the phy-
la Bacteroidetes and Firmicutes have been observed in
pancreatic cancer patients compared to healthy indi-
viduals (Half et al. 2015). The pancreas, which secretes
substances outside the intestine, plays an important
role in shaping the composition and stability of mi-
croorganisms found in the intestines of healthy people
who do not suffer from any pancreatic diseases. Pan-
creatic lipase, trypsin, and glycoprotein 2 play an im-
portant role in shaping the composition and stability
of microorganisms found in the intestines of healthy
individuals. These enzymes also protect the intestines
by inducing bacterial lysis and acting as antimicrobi-
al agents (Nishiyama et al. 2018; Edogawa et al. 2020;
Shin and Seeley, 2019). Figure 1 shows the types of
microorganisms whose decreased or elevated levels in
the mouth and intestines can increase the incidence of
pancreatic cancer (Fig. 1).

Figure 1. Occurrence of taxonomic groups of bacteria in the oral and intestinal microbiome of patients with pancreatic cancer
compared to the population of healthy people. Red fields in the pie chart - a decrease in the number of bacteria, blue fields in the pie
chart - an increase in the number of bacteria. Original graphic.
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4. Known mechanisms of the association between
microbiota and pancreatic cancer

Microbial dysbiosis as well as epithelial barrier
dysfunction may affect tumor transformation through
bacterial translocation (Plottel and Blaser, 2011). In
most malignancies, the intestinal microbiome is in di-
rect contact with or near the diseased organ. On the
contrary, the anatomical location of the pancreas does
not indicate that the gut microbiome can influence dis-
ease development (Meng et al. 2018). Changes in the
microbiota may result from the movement of bacteria
from the duodenal intestine to the pancreas through the
opening of the pancreatic duct in the duodenal papilla,
but this movement may not be a normal physiological
process. However, studies suggest that there is a specif-
ic gut and pancreatic microbiome associated with pan-
creatic cancer that may accelerate the development of
the disease by weakening the body’s immune response
(Pushalkar et al. 2018). Performing bacterial ablation
leads to immunogenic reprogramming of the PDAC
tumor microenvironment. It decreased the number of
bone marrow-derived suppressor cells, and increased
the differentiation of M1 macrophages, promoted the
differentiation of CD4 Th1 T cells, and the activation of
CD8 T cells. In addition, bacterial ablation enhanced
the efficacy of checkpoint-targeted immunotherapy
by upregulating PD-1 expression. Mechanically, the
PDAC microbiome generated a tolerogenic immune
program through differential activation of select-
ed Toll-like receptors in monocyte cells (Seifert et al.
2016; Pushalkar et al. 2018). A continuous decrease in
the number of short-chain fatty acid-producing bacte-
ria, such as Faecalibacterium prausnitzii, Eubacterium
rectale, and Ruminococcus bicirculans, was observed
in the intestines of patients with pancreatic adeno-
carcinoma. This decline partially coincided with the
characteristic changes in the gut microbiome found
in various diseases. Short-chain fatty acids regulate in-
testinal immune function through G-protein-coupled
receptors on the cell surface. Their absence leads to in-
flammation, which may promote the development of
PDAC (Parada Venegas et al. 2019; Ubachs et al. 2021).
In turn, oral pathogens such as Porphyromonas gingi-
valis cause mutations in the pro-tumorigenic genes
TP53 and KRAS by secreting peptidylarginine deam-
inase. On the other hand, Fusobacterium nucleatum
promotes tumor formation and metastasis in several
ways: it binds to host cells via FadA adhesion proteins,
enabling their internalization and activation of NF-xB
and IL-6 pathways, leading to pro-inflammatory cas-
cades (Kostic et al. 2013; Gnanasekaran et al. 2020).
Fecal microbiota transplantation is also beginning to
play an increasingly important role. An experiment

was performed in which fecal microbiota was trans-
planted from donors who were pancreatic cancer pa-
tients with either short- or long- term survival. As a
result, scientists were able to influence tumor growth
and immune infiltration of the tumor. This shows that
the composition of the pancreatic microbiota of PDAC
patients, communicating with the gut microbiota, in-
fluences the host immune response (Riquelme et al.
2019; Yang et al. 2022).

5. The impact of dysbiosis on the effectiveness of
pancreatic cancer treatment

An increasing number of studies indicate that the
intestinal microbiota may play a dual role in pancreatic
cancer by contributing to its pathogenesis and modu-
lating the efficacy and toxicity of anticancer therapies.
These effects are mediated through alterations in drug
pharmacokinetics, changes in the host metabolic mi-
lieu, and modulation of the tumor microenvironment
composition. As a result, intestinal microbiota can
affect the effectiveness of treatment, and its modula-
tion can lead to different therapeutic effects. Microbes
can be responsible for the resistance of cancer cells to
various chemotherapeutic agents, for example, gem-
citabine, 5-fluorouracil, or oxaliplatin. These drugs are
used in pancreatic cancer treatment regimens, among
others. While most of the studies on gut microbiota,
and the efficacy of chemotherapy are based on colorec-
tal cancers, it can be speculated that the same mecha-
nisms occur in pancreatic cancer patients due to the
use of a similar treatment regimen and the presence of
similar microorganisms also in the pancreatic cancer
microenvironment such as Fusobacterium nucleatum
and bacteria belonging to Gammaproteobacteria class
(Nejman et al. 2020; Sevcikova et al. 2022). The pres-
ence of these bacteria contributes to resistance to ox-
aliplatin and/or 5-fluorouracil therapies by activating
autophagy in tumor cells (Yu et al. 2017) or increasing
BIRC3 expression, which inhibits tumor cell apoptosis
(Zhang et al. 2019).

Tests on human pancreatic ductal adenocarcinoma
samples taken during surgery revealed the presence
of an average of one bacterium per 146 human cells.
These bacteria are part of the pancreatic tumor micro-
environment. The most detected species belong to the
class Gammaproteobacteria, mainly to the Enterobac-
teriaceae and Pseudomonadaceae families, which ex-
press CDDL. Gemcitabine is particularly important in
the treatment of pancreatic cancer, and the presence of
these bacteria may contribute to resistance to the drug
(Geller et al. 2017). It can be eliminated after effective
antibiotic therapy and contribute to clinical success
(Ramanathan et al. 2016; Imai et al. 2019; Fulop et al.
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2023). However, when the microenvironment of the
pancreas is examined, fungi are found in addition to
bacteria. Fungal ablation enhanced the effect of gemcit-
abine-based chemotherapy. It is also worth noting that
fluconazole treatment had a protective effect. More-
over, consistent with the absence of increased fungal
infiltration in pancreatitis, antifungal drugs did not al-
leviate mild pancreatitis. Thus, it can be concluded that
fungal removal may have therapeutic effects only for
pancreatic cancer patients (Aykut et al. 2019). There is
a high degree of inter-individual variability, and an ex-
cess of different microbiota taxa and host-microbiota
interactions are highly dynamic and complex. These
include not only direct interactions between the mi-
crobiota and the tumor, but also indirect interactions
through the immune system. All these mechanisms are
not yet fully understood.

An increasingly successful therapeutic option is im-
mune checkpoint therapy (O’Reilly et al. 2019). Drugs
such as durvalumab and tremelimumab are the human
monoclonal antibodies (mAbs) against programmed
death 1 (anti-PD-L1) IgG class 1 and human anti-cy-
totoxic T-lymphocyte-associated antigen 4 (CTLA-4)
IgG class 2, respectively. In a study of PDAC patients,
the two therapies were combined in the hope of an ad-
ditive or synergistic effect of the drugs, but this did not
have the desired effect. The use of anti-CTLA-4 block-
ade alone as part of the combination therapy shows a
positive anti-tumor effect in patients participating in
the clinical trial (Le et al. 2013). The modulation of
the immune response by microbiota is significant and
thus can have a huge impact on the efficacy of immu-
notherapy. The intestinal microbiome ablation per-
formed showed protection against pre-invasive and
invasive pancreatic ductal adenocarcinoma, while
transfer of bacteria from pancreatic ductal adenocar-
cinoma hosts, but not from the control group, nulli-
fies this anti-tumor protection. Bacterial ablation leads
to immunogenic reprogramming of the PDAC tumor
microenvironment, including reduction of bone mar-
row-derived suppressor cells and increased differen-
tiation of M1 macrophages, which in turn promotes
differentiation of CD4+ Thl T cells and activation of
CD8+ T cells. In addition, bacterial ablation enhances
the efficacy of checkpoint-targeted immunotherapy by
upregulating PD-1 expression (Pushalkar ef al. 2018).

A complex from the NOD-like receptor family, the
inflammasome containing pyrin domain 3 (NLRP3),
is responsible for the initiation of innate inflamma-
tory responses. During the study, NLRP3 levels were
shown to be significantly increased in patients with
pancreatic cancer in general, and it was demonstrat-
ed that selective ligation of NLRP3 could sustain this
pro-tumorigenic pancreatic inflammation (Daley et al.

2017). Inhibition of dipeptidyl peptidase (DPP) may
increase the efficacy of immunotherapy in pancreat-
ic cancer. In mouse models, after oral administration
and intraperitoneal injections of BXCL701, which is
an oral small-molecule dipeptidyl peptidase inhibi-
tor, increased NK and T cell immune infiltration and
decreased tumor growth were observed. BXCL701
increases the movement of CXCR3+ NK and CD8+
T cells into tumors, which mediates tumor regres-
sion (Fitzgerald et al. 2021). Positively transforms the
PDAC immune microenvironment, enhancing antitu-
mor activity and improving the effectiveness of thera-
py. It should be noted here that the gut microbiota re-
duces the activity of tumor-infiltrating NK cells, which
in effect promotes the development of pancreatic duc-
tal adenocarcinoma. To improve patient survival, one
possible solution may be to modulate microbiomes
with antibiotic therapy, which may not be enough if
patients have immune deficiencies. Reducing the num-
ber of NK cells with antibodies has been shown to lead
to advanced cancers, even in the absence of microbiota
(Shi et al. 2023; Yu et al. 2022).

With the development and plethora of immune
therapies, the question arises as to how individual di-
versity, immunocompetence or lack thereof, and the
individual microbiota of a pancreatic cancer patient
affect the effectiveness of treatment.

6. Conclusion

The association between microbiome and pancre-
atic cancer is a rapidly evolving field that holds im-
mense potential for early detection, risk assessment,
and therapeutic intervention. It was proved that both
the oral and gut microbiomes play significant roles in
the pathogenesis of pancreatic cancer, with emerging
evidence suggesting that microbial dysbiosis, imbal-
anced or altered microbial communities, may contrib-
ute to tumorigenesis through inflammatory pathways,
immune modulation, and bacterial translocation to
the pancreas. Specifically, bacteria like Porphyromonas
gingivalis, Fusobacterium nucleatum, and Prevotella
spp. have been implicated in promoting carcinogenesis
via pro-inflammatory pathways, immune system ma-
nipulation, and direct interaction with cancerous cells.

Additionally, the composition of the microbiome in
both the oral cavity and gut has been found to signifi-
cantly differ in pancreatic cancer patients compared
to healthy individuals. These differences in microbial
composition could serve as diagnostic biomarkers or
therapeutic targets in the future. More importantly, the
role of microbiomes in modulating the efficacy of pan-
creatic cancer treatments, such as chemotherapy and
immunotherapy, highlights the critical need for per-
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sonalized therapeutic strategies that account for indi-
vidual microbiome variations.

Furthermore, microbial interactions with the im-
mune system, particularly through immune check-
point inhibition and microbial ablation strategies, sug-
gest that modulating the microbiome could enhance
the effectiveness of current treatment options and of-
fer a novel approach to improving patient outcomes.
Although there is still much to learn about the com-
plex associations between microbiota and pancreatic
cancer, the growing body of research offers promising
avenues for both early detection and innovative treat-
ments that leverage microbiome modulation.

As we move forward, understanding the intricate
role of the microbiome in pancreatic cancer will likely
open doors to more effective, personalized therapies
and could ultimately transform the way we approach
both the diagnosis and treatment of this devastating
disease. However, larger-scale studies and clinical tri-
als are necessary to fully understand the underlying
mechanisms and to validate microbiome-based diag-
nostic and therapeutic interventions.

Table 1. is a collection of studies analyzed in the ar-
ticle. It shows how the associations between the micro-
biome and the risk of pancreatic cancer were studied
and what the conclusions of the studies were (Table 1).

Tab. 1 Summary of key research articles on the associations between the microbiome and pancreatic cancer.
Legend: CP - Chronic Pancreatitis, PC - Pancreatic Cancer, PDAC — Pancreatic Ductal Adenocarcinoma, NK — Natural Killer Cells,

Th — T helper cells, PHC — Pancreatic Head Carcinoma, IM — Intestinal Microbiota, EPI — Exocrine Pancreatic Insufficiency,
SI — surgical intervention, CPS — Chronic Pancreatitis Syndrome, IBS — Irritable Bowel Syndrome, PA — Pancreatic Adenocarcinoma,
LTS — Long-Term Survival, PFS — progression-free survival, OS — overall survival, GI — gastrointestinal

References

Type of research

Materials and methods

Conclusions

Fan et al. 2016

Case- control
study

Adenocarcinomaa of pancreas patients
(n=361), 16S rRNA sequencing of mouth-
wash samples

Carriage of oral pathogens, P. gingivalis and A.
actinomycetemcomitans were associated with
higher risk of pancreatic cancer

Wei et al. 2020

Prospective study

Pancreatic cancer patients (n=41), healthy
individuals (n=69); 16S rRNA sequencing
of saliva

Carriage of Streptococcus spp. and Leptotrichia
spp. (z-score) was associated with a higher risk
of PDAC

Chen et al. 2023

Multisite analysis

pancreatic cancer patients (n=40), chronic
pancreatitis patients (n-15), healthy controls
(n=39); 16S rRNA sequencing of saliva

The chronic pancreatitis group exhibited the
lowest microbial diversity, while no significant
difference was found between the pancreatic
cancer and healthy controls groups

Luetal. 2019 Clinical study / patients with pancreatic head carcinoma The microbiota dysbiosis of the tongue coat in
analysis (n=30), healthy individuals (n=25); 16S PHC patients and provide insight into the as-
rRNA sequencing of the tongue coating sociation between the human microbiome and
samples pancreatic cancer
Pietzner et al. Study population | 16S rRNA sequencing of fecal samples The effect of exocrine pancreatic function on
2021 / analysis (n=2226) intestinal microbiota composition alters the

availability of microbial-derived metabolites in
the blood and thus directly contributes to the
host metabolic changes associated with exocrine
pancreatic dysfunction

vitro stimulation of bone marrow-derived
dendritic cells, genome sequencing of
Prevotella copri

Zhou et al. Correlation anal- | healthy controls (n=69), chronic pancreati- | Patients with chronic pancreatitis have gut

2020 ysis tis (n=71); 16S rRNA sequencing of fecal microbiota dysbiosis that is partly affected by
samples pancreatic exocrine function

Maev et al.. Comparative patients (n=85) including pancreatitis with- | The IM of all groups showed the dominance of

2023 analysis out extrinsic pancreatic insufficiency (EPI, | phyla Firmicutes with the lowest representation
n=16), with chronic pancreatitis and mild in the severe EPI group, both with SI and CP,
EPI (n=11), with severe pancreatitis and and the growth of the phyla of Actinobacteria,
EPI (n=17); 16S rRNA sequencing of fecal | Verrucomicrobiota and Fusobacteria
samples

Nii et al., 2023 | Experimental Bacterial strains (n=13) isolated from the Stimulation experiments have shown up-regula-

study feces of patients and healthy controls; in tion of IL-17 and Th17-related cytokines (IL-6,

1L-23) of Prevotella copri, which contributes to
causing rheumatoid arthritis, the same pathway
may contribute to pancreatic cancer through
Th17 activation




82

AGATA MIKOLAJCZYK, AMELIA WARDAK, STANISLAW GLUSZEK, WIOLETTA ADAMUS-BIALEK

Macekawa et al.
2018

Metagenomic
analysis

16S rRNA sequencing of pancreatic juice
from pancreatic cancer patients (n=20) and
duodenal cancer patients (n=16)

E. faecalis was frequently detected in pancre-
atic tissue from patients with CP and PC, and
antibody titers against E. faecalis capsular poly-
saccharide were elevated in E. faecalis-positive
patients compared to healthy donors

Stein-Thoering-
er et al. 2024

Prospective study

non-cancer participants (n=38), pancreatic
cancers patients (n= 63); 16S rRNA se-
quencing of samples collected from various
sites of the GI tract and surgical sites, mi-
crobial culturing

The presence of Enterococcus spp. in bile ducts
of PDAC patients undergoing pancreatic surgery
represents a significant risk factor for periopera-
tive infections and, thereby, elevated postopera-
tive and long-term mortality

Ren et al. 2017

Prospective study

pancreatic cancer patients (n=85), healthy
controls (n=57); 16S rRNA sequencing of
fecal samples

The gut microbial profile was unique in PC,
providing a microbial marker for non-invasive
PC diagnosis

Risch et al.
2014

Case-control
study

pancreatic cancer patients (n=761), random
controls (n=794); venipuncture specimens,

antibody seropositivity for H. pylori and its
virulence protein CagA was assessed using

commercial enzyme-linked immunosorbent
IgG assays.

H. pylori colonization may have diverse effects
on cancer risk, depending on the organism strain
type as well as on the cancer site.

Wang et al. 2014

Meta-analysis

cases of H. pylori infection on pancreatic
cancer (n=2049), control group (n=2861);
databases analysis

Hp+ and CagA+ infections are associated with
a decreased risk of pancreatic cancer in Eastern
populations but have no significant associations
in Western countries.

Xu et al. 2022

Meta-analysis

case-control studies (n=8), nested case-con-
trol studies (n=5), cohort studies (n=4);
databases analysis

H. pylori infection can increase the incidence of
pancreatic cancer in general. CagA/VacA-posi-
tive H. pylori infection is not associated with the
incidence of pancreatic cancer

Half et al. 2019

Comparative
study

pancreatic adenocarcinoma patients (n=30),
pre-cancerous lesions patients (n=6),
healthy individuals (n=13), non-alcoholic
fatty liver disease patients (n=16); 16S
rRNA sequencing of fecal samples

Find a distinct PC-associated gut microbiome
signature in an Israeli cohort, manifesting pri-
marily as an under-representation in several

bacterial families prevalent in the healthy gut

Edogawa et al.
2020

Prospective study

patients with IBS (n=39), healthy volun-
teers (n=25), 16S rRNA sequencing of fecal
samples

A subset of patients with IBS, especially in
PI-IBS, has substantially high fecal PA, greater
symptoms, impaired barrier and reduced micro-
bial diversity.

Ubachs et al.
2021

Clinical study

Pancreatic cancer patients (n=107), house-
hold partners (n=76); 16S rRNA sequencing
of fecal samples

There were no significant differences in the
composition of the bacteriobiota, although
cachexia prevalence was highest in pancreatic
cancer (66.7%). Faecal calprotectin levels were
positively correlated with the abundance of Pep-
tococcus, Enterobacteriaceae, and Veillonella.

Riquelme et al.
2019

Clinical study

surgically resected PDAC tumor samples
(n=68; 36 of LTS and 32 of STS); 16S
rRNA sequencing of surgically resected
PDAC tumors, PCR flow cytometry

The tumor microbiome unique to LTS may
contribute towards shaping a favorable tumor
microenvironment.

Yu et al. 2022

Cohort study

Mice model; NK cell depletion, bacterial
manipulation

The gut microbiota mediates PDAC progression
through NK cell modulation and that gut micro-
biota-derived supernatant can modulate anti-tu-

mor NK cell activity




THE IMPACT OF BACTERIAL DYSBIOSIS ON THE DEVELOPMENT OF PANCREATIC CANCER

ORCID

Wioletta Adamus-Bialek https://orcid.org/0000-0001-6129-0492
Stanistaw Gtuszek https://orcid.org/0000-0001-7752-0459

Contflict of interest

The authors do not report any financial or personal connec-

tions with other persons or organizations, which might negative-
ly affect the contents of this publication and/or claim authorship
rights to this publication.

Acknowledgment

This work was supported by project number SUPB.RN24.008

financed by Jan Kochanowski University, Kielce, Poland.

10.

1

—

12

References

Adolph T.E., Mayr L., Grabherr E, Schwirzler J., Tilg H.: Pan-
creas-Microbiota Cross Talk in Health and Disease. Annual
review of nutrition, 39, 249-266 (2019) DOI: 10.1146/an-
nurev-nutr-082018-124306

Alonso-Curbelo D. & Lowe S.W.: A gene-environment-induced
epigenetic program initiates tumorigenesis. Nature, 590 (7847),
642-648 (2021) DOI: 10.1038/s41586-020-03147-x
Andréasson K., Olofsson T., Lagishetty V., Alrawi Z., Klaassens
E., Holster S., Hesselstrand R., Jacobs J.P., Wallman J.K.,Volk-
mann E.R.: Treatment for Rheumatoid Arthritis Associated
With Alterations in the Gastrointestinal Microbiota. ACR open
rheumatology, 6 (7), 421-427 (2024) DOI: 10.1002/acr2.11673
Aykut B. & Miller G. et al.: The fungal mycobiome promotes
pancreatic oncogenesis via activation of MBL. Nature, 574
(7777), 264-267 (2019) DOIL: 10.1038/s41586-019-1608-2
Baylin S.B. & Jones P.A.: Epigenetic Determinants of Can-
cer. Cold Spring Harbor perspectives in biology, 8 (9), a019505
(2016) DOI: 10.1101/cshperspect.a019505

Chen X., Zeh H.J,, Kang R., Kroemer G., Tang D.: Cell death
in pancreatic cancer: from pathogenesis to therapy. Nature re-
views. Gastroenterology & hepatology, 18 (11), 804-823 (2021)
DOI: 10.1038/541575-021-00486-6

Chen T. & Liu S. et al: Alterations of commensal micro-
biota are associated with pancreatic cancer. The Interna-
tional journal of biological markers, 38 (2), 89-98 (2023)
DOI: 10.1177/03936155231166721

Daley D. & Miller G. et al.: NLRP3 signaling drives macro-
phage-induced adaptive immune suppression in pancreat-
ic carcinoma. The Journal of experimental medicine, 214 (6),
1711-1724 (2017) DOI: 10.1084/jem.20161707

Daley D.: The role of the microbiome in pancreatic onco-
genesis. International immunology, 34 (9), 447-454 (2022)
DOI: 10.1093/intimm/dxac036

Del Castillo E. & Michaud D. S. et al.: The Microbiomes of Pan-
creatic and Duodenum Tissue Overlap and Are Highly Subject
Specific but Differ between Pancreatic Cancer and Noncan-
cer Subjects. Cancer epidemiology, biomarkers ¢ prevention: a
publication of the American Association for Cancer Research,
cosponsored by the American Society of Preventive Oncology, 28
(2), 370-383 (2019) DOI: 10.1158/1055-9965.EPI-18-0542

. Dewhirst EE., Chen T, Izard J., Paster B.J., Tanner A.C., Yu

W.H., Lakshmanan A., Wade W.G.: The human oral micro-
biome. Journal of Bacteriology, 192 (19), 5002-17 (2010)
DOI: 10.1128/JB.00542-10

. Dickson I.: Microbiome promotes pancreatic cancer. Nature

reviews. Gastroenterology ¢ hepatology, 15 (6), 328 (2018)
DOI: 10.1038/s41575-018-0013-x

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

83

Edogawa S. & Grover M. et al.: Serine proteases as luminal
mediators of intestinal barrier dysfunction and symptom
severity in IBS. Gut, 69 (1), 62-73 (2020) DOI: 10.1136/gut-
jnl-2018-317416

Fan X. & Ahn J. ef al.: Human oral microbiome and prospec-
tive risk for pancreatic cancer: a population-based nested
case-control study. Gut, 67 (1), 120-127 (2018) DOI: 10.1136/
gutjnl-2016-312580

Fitzgerald A.A. & Weiner L.M. et al.: DPP inhibition alters the
CXCR3 axis and enhances NK and CD8+ T cell infiltration
to improve anti-PD1 efficacy in murine models of pancreatic
ductal adenocarcinoma. Journal for immunotherapy of cancer, 9
(11), 002837 (2021) DOI: 10.1136/jitc-2021-002837

Fulop D.J., Zylberberg H.M., Wu Y.L., Aronson A., Labiner
A.J., Wisnivesky J., Cohen D.J.,, Sigel K.M., Lucas A.L.: Asso-
ciation of Antibiotic Receipt With Survival Among Patients
With Metastatic Pancreatic Ductal Adenocarcinoma Receiv-
ing Chemotherapy. JAMA network open, 6 (3), €234254 (2023)
DOI: 10.1001/jamanetworkopen.2023.4254

Geller L.T. & Straussman R. et al.: Potential role of intratumor
bacteria in mediating tumor resistance to the chemotherapeu-
tic drug gemcitabine. Science (New York, N.Y.), 357 (6356),
1156-1160 (2017) DOI: 10.1126/science.aah5043

Gentiluomo M., Canzian F, Nicolini A., Gemignani E, Landi
S., Campa D.: Germline genetic variability in pancreatic can-
cer risk and prognosis. Seminars in cancer biology, 79, 105-131
(2022) DOI: 10.1016/j.semcancer.2020.08.003

Gnanasekaran J. & Nussbaum G. et al.: Intracellular Porphy-
romonas gingivalis Promotes the Tumorigenic Behavior of
Pancreatic Carcinoma Cells. Cancers, 12 (8), 2331 (2020)
DOI: 10.3390/cancers12082331

Goggins M. & Bruno M. et al.: Management of patients with
increased risk for familial pancreatic cancer: updated rec-
ommendations from the International Cancer of the Pancre-
as Screening (CAPS) Consortium. Gut, 69 (1), 7-17 (2020)
DOI: 10.1136/gutjnl-2019-319352

Grant T.J., Hua K., Singh A.: Molecular Pathogenesis of Pancre-
atic Cancer. Progress in molecular biology and translational sci-
ence, 144, 241-275 (2016) DOI: 10.1016/bs.pmbts.2016.09.008
Guerra C., Schuhmacher A.J., Cafiamero M., Grippo PJ., Ver-
daguer L., Pérez-Gallego L., Dubus P, Sandgren E.P,, Barbacid
M.: Chronic pancreatitis is essential for induction of pancreatic
ductal adenocarcinoma by K-Ras oncogenes in adult mice. Can-
cer cell, 11 (3), 291-302 (2007) DOI: 10.1016/j.ccr.2007.01.012
Half E. & Gophna U. et al.: Fecal microbiome signatures of
pancreatic cancer patients. Scientific reports,9 (1), 16801 (2019)
DOI: 10.1038/s41598-019-53041-4

Hirabayashi M. & Tsugane S. et al.: Helicobacter pylori infec-
tion, atrophic gastritis, and risk of pancreatic cancer: A popu-
lation-ba sed cohort study in a large Japanese population: the
JPHC Study. Scientific reports, 9 (1), 6099 (2019) DOI: 10.1038/
541598-019-42365-w

Hsu WY, Lin C.H,, Lin C.C,, Sung EC., Hsu C.P,, Kao C.H.:
The relationship between Helicobacter pylori and cancer risk.
European journal of internal medicine, 25 (3), 235-240 (2014)
DO 10.1016/.¢jim.2014.01.009

Huang, J. & Ye W. et al.: Helicobacter pylori infection, chron-
ic corpus atrophic gastritis and pancreatic cancer risk in the
European Prospective Investigation into Cancer and Nutri-
tion (EPIC) cohort: A nested case-control study. Internation-
al journal of cancer, 140 (8), 1727-1735 (2017) DOI: 10.1002/
ijc.30590

Human Oral Microbiome Database V3.1 https://www.homd.
org/


https://orcid.org/0000-0001-6129-0492%20
https://orcid.org/0000-0003-2141-116X
https://doi.org/10.1146/annurev-nutr-082018-124306
https://doi.org/10.1146/annurev-nutr-082018-124306
https://doi.org/10.1038/s41586-020-03147-x
https://doi.org/10.1002/acr2.11673
https://doi.org/10.1038/s41586-019-1608-2
https://doi.org/10.1101/cshperspect.a019505
https://doi.org/10.1038/s41575-021-00486-6
https://doi.org/10.1177/03936155231166721
https://doi.org/10.1084/jem.20161707
https://doi.org/10.1093/intimm/dxac036
https://doi.org/10.1158/1055-9965.epi-18-0542
https://doi.org/10.1128/jb.00542-10
https://doi.org/10.1038/s41575-018-0013-x
https://doi.org/10.1136/gutjnl-2018-317416
https://doi.org/10.1136/gutjnl-2018-317416
https://doi.org/10.1136/gutjnl-2016-312580
https://doi.org/10.1136/gutjnl-2016-312580
https://doi.org/10.1136/jitc-2021-002837
https://doi.org/10.1001/jamanetworkopen.2023.4254
https://doi.org/10.1126/science.aah5043
https://doi.org/10.1016/j.semcancer.2020.08.003
https://doi.org/10.3390/cancers12082331
https://doi.org/10.1136/gutjnl-2019-319352
https://doi.org/10.1016/bs.pmbts.2016.09.008
https://doi.org/10.1016/j.ccr.2007.01.012
https://doi.org/10.1038/s41598-019-53041-4
https://doi.org/10.1038/s41598-019-42365-w
https://doi.org/10.1038/s41598-019-42365-w
https://doi.org/10.1016/j.ejim.2014.01.009
https://doi.org/10.1002/ijc.30590
https://doi.org/10.1002/ijc.30590
https://www.homd.org/
https://www.homd.org/

84

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

AGATA MIKOLAJCZYK, AMELIA WARDAK, STANISLAW GLUSZEK, WIOLETTA ADAMUS-BIALEK

Iglesia D., Avci B., Kiriukova M., Panic N., Bozhychko M., San-
dru V., de-Madaria E., Capurso G.: Pancreatic exocrine insuffi-
ciency and pancreatic enzyme replacement therapy in patients
with advanced pancreatic cancer: A systematic review and
meta-analysis. United European gastroenterology journal, 8 (9),
1115-1125 (2020) DOI: 10.1177/2050640620938987

Imai H. & Ishioka C. et al.: Antibiotic therapy augments the
efficacy of gemcitabine-containing regimens for advanced can-
cer: a retrospective study. Cancer management and research, 11,
7953-7965 (2019) DOI: 10.2147/CMAR.S215697

Kaci G. & Delorme C. et al.: Anti-inflammatory properties of
Streptococcus salivarius, a commensal bacterium of the oral
cavity and digestive tract. Applied and environmental microbiol-
0gy, 80 (3), 928-934 (2014) DOI: 10.1128/AEM.03133-13
Kostic A.D. & Garrett W.S. et al.: Fusobacterium nucleatum
potentiates intestinal tumorigenesis and modulates the tu-
mor-immune microenvironment. Cell host & microbe, 14 (2),
207-215 (2013) DOI: 10.1016/j.chom.2013.07.007

Le D.T. & Laheru D.A. et al.: Evaluation of ipilimumab in com-
bination with allogeneic pancreatic tumor cells transfected
with a GM-CSF gene in previously treated pancreatic cancer.
Journal of immunotherapy (Hagerstown, Md.: 1997), 36 (7),
382-389 (2013) DOI: 10.1097/CJ1.0b013e31829fb7a2

Lu H. & Li L. et al.: Tongue coating microbiome data distin-
guish patients with pancreatic head cancer from healthy con-
trols. Journal of oral microbiology, 11 (1), 1563409 (2019) DOL:
10.1080/20002297.2018.1563409

Maekawa T. & Miyoshi E. et al.: Possible involvement of En-
terococcus infection in the pathogenesis of chronic pancreatitis
and cancer. Biochemical and biophysical research communica-
tions, 506 (4), 962-969 (2018) DOI: 10.1016/j.bbrc.2018.10.169
Maev 1. V,, Levchenko A. I, Galeeva J. S., Andreev D. N.,
Osipenko J. V., Bordin D. S., Ilyina E. N.: Comparative analysis
of the intestinal microbiota in patients with exocrine pancreatic
insufficiency of various severity. Terapevticheskii Arkhiv, 95 (2),
130-139 (2023) DOI: 10.26442/00403660.2023.02.202056
Maisonneuve P, Lowenfels A. B.: Risk factors for pancreat-
ic cancer: a summary review of meta-analytical studies. In-
ternational journal of epidemiology, 44 (1), 186-198 (2015)
DOI: 10.1093/ije/dyu240

Maitra A., Topol E.J.: Early detection of pancreatic cancer and
Al risk partitioning. Lancet (London, England), 403 (10435),
1438 (2024) DOIL: 10.1016/S0140-6736(24)00690- 1

Meng C., Bai C., Brown T.D., Hood L.E., Tian Q.: Human Gut
Microbiota and Gastrointestinal Cancer. Genomics, proteom-
ics & bioinformatics, 16 (1), 33-49 (2018) DOI: 10.1016/j.
gpb.2017.06.002

Michaud D.S. & Riboli E. et al.: Plasma antibodies to oral bacte-
ria and risk of pancreatic cancer in a large European prospective
cohort study. Gut, 62 (12), 1764-1770 (2013) DOI: 10.1136/
gutjnl-2012-303006

Mitsuhashi K. & Shinomura Y. ef al.: Association of Fusobac-
terium species in pancreatic cancer tissues with molecular
features and prognosis. Oncotarget, 6 (9), 7209-7220 (2015)
DOI: 10.18632/oncotarget.3109

Montenegro M.L., Corral J.E., Lukens EJ., Ji B., Kroner PT.,
Farraye FA., Bi Y.: Pancreatic Disorders in Patients with In-
flammatory Bowel Disease. Digestive diseases and sciences, 67
(2), 423-436 (2022) DOI: 10.1007/510620-021-06899-2
Nagata N. & Kawai T. et al.: Metagenomic Identification of Mi-
crobial Signatures Predicting Pancreatic Cancer From a Mul-
tinational Study. Gastroenterology, 163 (1), 222-238 (2022)
DOI: 10.1053/j.gastro.2022.03.054

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Nearing J.T., DeClercq V., Van Limbergen J., Langille M.G.L:
Assessing the Variation within the Oral Microbiome of Healthy
Adults. mSphere, 5 (5), e00451-20 (2020) DOI: 10.1128/
mSphere.00451-20

Nejman D. & Straussman R. et al.: The human tumor micro-
biome is composed of tumor type-specific intracellular bac-
teria. Science (New York, N.Y.), 368 (6494), 973-980 (2020)
DOI: 10.1126/science.aay9189

Nii T. & Takeda K. et al: Genomic repertoires linked with
pathogenic potency of arthritogenic Prevotella copri isolated
from the gut of patients with rheumatoid arthritis. Annals of
the rheumatic diseases, 82 (5), 621-629 (2023) DOIL: 10.1136/
ard-2022-222881

Nishiyama H., Nagai T., Kudo M., Okazaki Y., Azuma Y., Wata-
nabe T., Goto S., Ogata H., Sakurai T.: Supplementation of
pancreatic digestive enzymes alters the composition of intes-
tinal microbiota in mice. Biochemical and biophysical research
communications, 495 (1), 273-279 (2018) DOI: 10.1016/j.
bbrc.2017.10.130

O'Reilly E.M. & Philip PA. et al.: Durvalumab With or Without
Tremelimumab for Patients With Metastatic Pancreatic Ductal
Adenocarcinoma: A Phase 2 Randomized Clinical Trial. JAMA
oncology, 5 (10), 1431-1438 (2019) DOI: 10.1001/jamaon-
c0l.2019.1588

Parada Venegas D., De la Fuente M.K., Landskron G., Gonzalez
M.J., Quera R., Dijkstra G., Harmsen H.J.M., Faber K.N., Her-
moso M.A. Short Chain Fatty Acids (SCFAs)-Mediated Gut
Epithelial and Immune Regulation and Its Relevance for In-
flammatory Bowel Diseases. Frontiers in immunology, 10, 277
(2019) DOI: 10.3389/fimmu.2019.00277

PDQ Adult Treatment Editorial Board. Pancreatic Cancer
Treatment (PDQ®): Patient Version. In PDQ Cancer Informa-
tion Summaries. National Cancer Institute (US). (2024)
Pietzner M., Budde K., Rithlemann M., Vélzke H., Homuth G.,
Weiss EU., Lerch M.M., Frost F: Exocrine Pancreatic Func-
tion Modulates Plasma Metabolites Through Changes in Gut
Microbiota Composition. The Journal of clinical endocrinology
and metabolism, 106 (5), €2290-e2298 (2021) DOI: 10.1210/
clinem/dgaa961

Plottel C.S., Blaser M.J.: Microbiome and malignancy. Cell
host & microbe, 10 (4), 324-335 (2011) DOI: 10.1016/j.
chom.2011.10.003

Pourali G. & Avan A. et al.: Microbiome as a biomarker and
therapeutic target in pancreatic cancer. BMC microbiology, 24
(1), 16 (2024) DOI: 10.1186/512866-023-03166-4

Pushalkar S. & Miller G. et al.: The Pancreatic Cancer Microbi-
ome Promotes Oncogenesis by Induction of Innate and Adap-
tive Immune Suppression. Cancer discovery, 8 (4), 403-416
(2018) DOI: 10.1158/2159-8290.CD-17-1134

Ramanathan R.K. & Von Hoff D.D. et al.: Positron emission
tomography response evaluation from a randomized phase
III trial of weekly nab-paclitaxel plus gemcitabine versus gem-
citabine alone for patients with metastatic adenocarcinoma
of the pancreas. Annals of oncology: official journal of the Eu-
ropean Society for Medical Oncology, 27 (4), 648-653 (2016)
DOI: 10.1093/annonc/mdw020

Ren Z. & Zheng S. et al.: Gut microbial profile analysis by
MiSeq sequencing of pancreatic carcinoma patients in China.
Oncotarget, 8 (56), 95176-95191 (2017) DOI: 10.18632/onco-
target.18820

Riquelme E. & McAllister E. et al. Tumor Microbiome Diversity
and Composition Influence Pancreatic Cancer Outcomes. Cell,
178 (4), 795-806.12 (2019) DOI: 10.1016/j.cell.2019.07.008


https://doi.org/10.1177/2050640620938987
https://doi.org/10.2147/cmar.s215697
https://doi.org/10.1128/aem.03133-13
https://doi.org/10.1016/j.chom.2013.07.007
https://doi.org/10.1097/cji.0b013e31829fb7a2
https://doi.org/10.1080/20002297.2018.1563409
https://doi.org/10.1016/j.bbrc.2018.10.169
https://doi.org/10.26442/00403660.2023.02.202056
https://doi.org/10.1093/ije/dyu240
https://doi.org/10.1016/s0140-6736(24)00690-1
https://doi.org/10.1016/j.gpb.2017.06.002
https://doi.org/10.1016/j.gpb.2017.06.002
https://doi.org/10.1136/gutjnl-2012-303006
https://doi.org/10.1136/gutjnl-2012-303006
https://doi.org/10.18632/oncotarget.3109
https://doi.org/10.1007/s10620-021-06899-2
https://doi.org/10.1053/j.gastro.2022.03.054
https://doi.org/10.1128/msphere.00451-20
https://doi.org/10.1128/msphere.00451-20
https://doi.org/10.1126/science.aay9189
https://doi.org/10.1136/ard-2022-222881
https://doi.org/10.1136/ard-2022-222881
https://doi.org/10.1016/j.bbrc.2017.10.130
https://doi.org/10.1016/j.bbrc.2017.10.130
https://doi.org/10.1001/jamaoncol.2019.1588
https://doi.org/10.1001/jamaoncol.2019.1588
https://doi.org/10.3389/fimmu.2019.00277
https://doi.org/10.1210/clinem/dgaa961
https://doi.org/10.1210/clinem/dgaa961
https://doi.org/10.1016/j.chom.2011.10.003
https://doi.org/10.1016/j.chom.2011.10.003
https://doi.org/10.1186/s12866-023-03166-4
https://doi.org/10.1158/2159-8290.cd-17-1134
https://doi.org/10.1093/annonc/mdw020
https://doi.org/10.18632/oncotarget.18820
https://doi.org/10.18632/oncotarget.18820
https://doi.org/10.1016/j.cell.2019.07.008

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

THE IMPACT OF BACTERIAL DYSBIOSIS ON THE DEVELOPMENT OF PANCREATIC CANCER

Risch H.A., Lu L., Kidd M.S., Wang J., Zhang W.,, Ni Q., Gao
Y.T., Yu H.: Helicobacter pylori seropositivities and risk of pan-
creatic carcinoma. Cancer epidemiology, biomarkers ¢ pre-
vention: a publication of the American Association for Cancer
Research, cosponsored by the American Society of Preventive On-
cology, 23 (1), 172-178 (2014) DOI: 10.1016/j.cell.2019.07.008
Risch H.A.: Pancreatic cancer: Helicobacter pylori colonization,
N-nitrosamine exposures, and ABO blood group. Molecular
carcinogenesis, 51 (1), 109-118 (2012) DOI: 10.1002/mc.20826
Sabater L. & de-Madaria E. et al.: Evidence-based Guidelines
for the Management of Exocrine Pancreatic Insufficiency After
Pancreatic Surgery. Annals of surgery, 264 (6), 949-958 (2016)
DOI: 10.1097/SLA.0000000000001732

Santucci C., Mignozzi S., Malvezzi M., Boffetta P, Collatuzzo
G., Levi E, La Vecchia C., Negri E.: European cancer mortality
predictions for the year 2024 with focus on colorectal cancer.
Annals of oncology: official journal of the European Society for
Medical Oncology, 35 (3), 308-316 (2024) DOI: 10.1016/j.an-
nonc.2023.12.003

Seifert L. & Miller G. et al.: The necrosome promotes pancre-
atic oncogenesis via CXCL1 and Mincle-induced immune sup-
pression. Nature, 532 (7598), 245-249 (2016) DOI: 10.1038/
naturel7403

Sevcikova A., Izoldova N., Stevurkova V., Kasperova B., Chovan-
ec M, Ciernikova S., Mego M.: The Impact of the Microbiome
on Resistance to Cancer Treatment with Chemotherapeutic
Agents and Immunotherapy. International journal of molecular
sciences, 23 (1), 488 (2022) DOI: 10.3390/ijms23010488
Sexton R.E. & Azmi A.S. et al.: Connecting the Human Micro-
biome and Pancreatic Cancer. Cancer metastasis reviews, 41 (2),
317-331 (2022) DOI: 10.1007/s10555-022-10022-w

Shi H., Tsang Y., Yang Y., Chin H.L.: Identification of ONE-
CUT3 as a stemness-related transcription factor regulating
NK cell-mediated immune evasion in pancreatic cancer. Sci-
entific reports, 13 (1), 18133 (2023) https://doi.org/10.3390/
{jms26020515

Shin J.H., Seeley R.J.: Reg3 Proteins as Gut Hormones? Endo-
crinology, 160 (6), 1506-1514 (2019) DOI: 10.1210/en.2019-
00073

Siegel R.L., Giaquinto A.N., Jemal A.: Cancer statistics, 2024.
CA: a cancer journal for clinicians, 74 (1), 12-49 (2024)
DOI: 10.3322/caac.21820

Siegel R.L., Miller K.D., Wagle N.S., Jemal A.: Cancer statistics,
2023. CA: a cancer journal for clinicians, 73 (1), 17-48 (2023)
DOI: 10.3322/caac.21763

Speth C., Bellotti R., Schifer G., Rambach G., Texler B., Thurn-
er G.C., Ofner D., Lass-Florl C., Maglione M.: Complement
and Fungal Dysbiosis as Prognostic Markers and Potential Tar-
gets in PDAC Treatment. Current oncology (Toronto, Ont.), 29
(12), 9833-9854 (2022) DOI: 10.3390/curroncol29120773
Stanciu S., Ionita-Radu E, Stefani C., Miricescu D., Stanes-
cu-Spinu LI, Greabu M., Ripszky Totan A., Jinga M.: Target-
ing PI3K/AKT/mTOR Signaling Pathway in Pancreatic Can-
cer: From Molecular to Clinical Aspects. International journal
of molecular sciences, 23 (17), 10132 (2022) DOI: 10.3390/
ijms231710132

Frost E. & Lerch M.M. et al.: Impaired Exocrine Pancreatic
Function Associates With Changes in Intestinal Microbiota
Composition and Diversity. Gastroenterology, 156(4), 1010-
1015 (2019) DOI: 10.1053/j.gastro.2018.10.047

Farrell ].]., Zhang L., Zhou H., Chia D., Elashoff D., Akin D.,
Paster B.J., Joshipura K., Wong D.T.: Variations of oral micro-
biota are associated with pancreatic diseases including pan-
creatic cancer. Gut, 61 (4), 582-588 (2012) DOI: 10.1136/gut-
jnl-2011-300784

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

85

Stein-Thoeringer C.K. & Ilmer M. et al.: Microbiome Dysbio-
sis With Enterococcus Presence in the Upper Gastrointestinal
Tract Is a Risk Factor for Mortality in Patients Undergoing Sur-
gery for Pancreatic Cancer. Annals of surgery, 281 (4), 615-623.
(2025) DOI: 10.1097/SLA.0000000000006210

Thomas R.M., Jobin C.: Microbiota in pancreatic health and
disease: the next frontier in microbiome research. Nature re-
views. Gastroenterology & hepatology, 17 (1), 53-64 (2020)
DOI: 10.1038/s41575-019-0242-7

Ubachs J. & Rensen S.S. et al.: Gut microbiota and short-chain
fatty acid alterations in cachectic cancer patients. Journal of
cachexia, sarcopenia and muscle, 12 (6), 2007-2021 (2021)
DOI: 10.1002/jcsm. 12804

Ungureanu B.S. & Surlin P. et al.: Could there be an inter-
play between periodontal changes and pancreatic malignan-
cies? World journal of clinical cases, 11 (3), 545-555 (2023)
DOI: 10.12998/wjcc.v11.i3.545

Vujasinovic M., Valente R., Del Chiaro M., Permert J., Lohr
J.M.: Pancreatic Exocrine Insufficiency in Pancreatic Cancer.
Nutrients, 9 (3), 183 (2017) DOL: 10.3390/nu9030183

Wang S.S., Xu ], Ji K.Y,, Hwang C.I.: Epigenetic Alterations in
Pancreatic Cancer Metastasis. Biomolecules, 11 (8), 1082 (2021)
DOI: 10.3390/biom11081082

Wang Y., Zhang E.C., Wang Y.J.: Helicobacter pylori and pancre-
atic cancer risk: a meta- analysis based on 2,049 cases and 2,861
controls. Asian Pacific journal of cancer prevention: APJCP, 15
(11), 4449-4454 (2014) DOT: 10.7314/apjcp.2014.15.11.4449
Wei A.L. & Fu M.R. ef al.: Oral microbiome and pancreatic
cancer. World journal of gastroenterology, 26 (48), 7679-7692
(2020) DOI: 10.3748/wjg.v26.i48.7679

Wu R.T,, Wang L.E, Yao Y.E, Sang T., Wu Q.L., Fu W.W,, Wan
M., Li W. J.: Activity fingerprinting of polysaccharides on oral,
gut, pancreas and lung microbiota in diabetic rats. Biomedicine
& pharmacotherapy = Biomedecine & pharmacotherapie, 155,
113681 (2022) DOI: 10.1016/j.biopha.2022.113681

Xu W, Zhou X,, Yin M., Gao J., Weng Z., Xu C.: The relation-
ship between Helicobacter pylori and pancreatic cancer: a me-
ta-analysis. Translational cancer research, 11 (8), 2810-2822
(2022) DOI: 10.21037/tcr-21-2803

Yang Q., Zhang J., Zhu Y.: Potential Roles of the Gut Micro-
biota in Pancreatic Carcinogenesis and Therapeutics. Fron-
tiers in cellular and infection microbiology, 12, 872019 (2022)
DOI: 10.3389/fcimb.2022.872019

Yu Q., Newsome R.C., Beveridge M., Hernandez M.C., Ghara-
ibeh R.Z., Jobin C., Thomas R.M.: Intestinal microbiota mod-
ulates pancreatic carcinogenesis through intratumoral natural
killer cells. Gut microbes, 14 (1), 2112881 (2022) DOI: 10.1080/
19490976.2022.2112881

Yu T. & Fang J.Y. et al.: Fusobacterium nucleatum Promotes
Chemoresistance to Colorectal Cancer by Modulating Au-
tophagy. Cell, 170 (3), 548-563.e16. (2017) DOI: 10.1016/j.
cell.2017.07.008

Zhang S., Yang Y., Weng W., Guo B., Cai G., Ma Y,, Cai S.: Fu-
sobacterium nucleatum promotes chemoresistance to 5-fluoro-
uracil by upregulation of BIRC3 expression in colorectal can-
cer. Journal of experimental & clinical cancer research: CR, 38
(1), 14. (2019) DOI: 10.1186/513046-018-0985-y

Zhou C.H. & Zou D.W. et al.: Altered diversity and composition
of gut microbiota in Chinese patients with chronic pancreati-
tis. Pancreatology (IAP), 20 (1), 16-24 (2020) DOI: 10.1016/j.

pan.2019.11.013


https://doi.org/10.1016/j.cell.2019.07.008
https://doi.org/10.1002/mc.20826
https://doi.org/10.1097/sla.0000000000001732
https://doi.org/10.1016/j.annonc.2023.12.003
https://doi.org/10.1016/j.annonc.2023.12.003
https://doi.org/10.1038/nature17403
https://doi.org/10.1038/nature17403
https://doi.org/10.3390/ijms23010488
https://doi.org/10.1007/s10555-022-10022-w
https://doi.org/10.3390/ijms26020515
https://doi.org/10.3390/ijms26020515
https://doi.org/10.1210/en.2019-00073
https://doi.org/10.1210/en.2019-00073
https://doi.org/10.3322/caac.21820
https://doi.org/10.3322/caac.21763
https://doi.org/10.3390/curroncol29120773
https://doi.org/10.3390/ijms231710132
https://doi.org/10.3390/ijms231710132
https://doi.org/10.1053/j.gastro.2018.10.047
https://doi.org/10.1136/gutjnl-2011-300784
https://doi.org/10.1136/gutjnl-2011-300784
https://doi.org/10.1097/sla.0000000000006210
https://doi.org/10.1038/s41575-019-0242-7
https://doi.org/10.1002/jcsm.12804
https://doi.org/10.12998/wjcc.v11.i3.545
https://doi.org/10.3390/nu9030183
https://doi.org/10.3390/biom11081082
https://doi.org/10.7314/apjcp.2014.15.11.4449
https://doi.org/10.3748/wjg.v26.i48.7679
https://doi.org/10.1016/j.biopha.2022.113681
https://doi.org/10.21037/tcr-21-2803
https://doi.org/10.3389/fcimb.2022.872019
https://doi.org/10.1080/19490976.2022.2112881
https://doi.org/10.1080/19490976.2022.2112881
https://doi.org/10.1016/j.cell.2017.07.008
https://doi.org/10.1016/j.cell.2017.07.008
https://doi.org/10.1186/s13046-018-0985-y
https://doi.org/10.1016/j.pan.2019.11.013
https://doi.org/10.1016/j.pan.2019.11.013

