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Rezumat

Investigarea implicatiilor chirurgicale ale Helicobacter pylori:
o recengie exhaustivd si actualizatd a literaturii

Helicobacter pylori, o bacterie gram-negativa, a fost identificata ca
un factor major in etiologia si patogenia afectiunilor gastro-
intestinale, variind de la gastrita gi ulcere peptice la patologii mai
grave precum adenocarcinomul gastric si limfomul tisular asociat
mucoasei (MALT). Desi terapiile farmacologice de eradicare au
avut succes in tratarea bolilor asociate cu infectia cu H. pylori,
influentele acestei bacterii asupra interventiilor chirurgicale sunt
inca subiect de cercetare continua si de considerare clinici. Aceasta
recenzie exhaustiva igi propune sa clarifice implicatiile complexe
ale infectiel cu H. pylori in contextul interventiilor chirurgicale.
Astfel, sunt analizate datele recente referitoare la relatia bine-
cunoscuta intre bacteria gram-negativa g1 aparitia bolilor gastro-
duodenale, inclusiv ulcerele peptice si cancerul gastric. Totodata,
colonizarea cu Helicobacter pylori poate juca un rol in promovarea
carcinogenezei colonica si, mai interesant, a fost asociata si cu neo-
plasmele cailor biliare. Prezentul studiu al literaturii evidentiaza
progresul evolutiv al managementului infectiei cu H. pylori in
contextul interventiilor chirurgicale, subliniind necesitatea unor
cercetari suplimentare pentru a stabili strategii optime pentru
screening-ul preoperator, terapiile de eradicare si impactul acestora
asupra rezultatelor chirurgicale si prognosticului pe termen lung al
pacientilor. Intelegerea implicatiilor chirurgicale ale infectiel cu
H. pylori ramane esentiala pentru accentuarea importantei
managementului interdisciplinar gi a eforturilor continue de
cercetare menite s imbunatateasca ingrijirea pacientului.
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CTLA-4: cytotoxic T-lymphocyte antigen 4;

EGD: esophagogastroduodenoscopy;
CRC: colorectal cancer;

CagA: cytotoxin-associated gene A;
AP: denomatous polyps;

HP: hyperplastic polyps;

RNA: ribonucleic acid;

HCC: hepatocellular carcinoma;
HCV: hepatitis C virus;

CCA: cholangiocarcinoma;

PBC: primary biliary cholangitis;
PSC: primary sclerosing cholangitis;
VSG: vertical sleeve gastrectomy;
LSG: laparoscopic sleeve gastrectomy;
VSG: vertical sleeve gastrectomy.

Introduction

Cuvinte cheie: Helicobacter pylori, carcinogeneza, strategii,
screening, implicatii chirurgicale, prognostic

Abstract

Helicobacter pylori, a gram-negative bacterium, has been
identified as a major contributor to gastrointestinal diseases,
ranging from gastritis and peptic ulcers to more severe compli-
cations such as gastric adenocarcinoma and mucosa-associated
lymphoid tissue (MALT) lymphoma. While pharmacological
eradication therapies have been successful in managing H.
pylori-associated diseases, the implications of this bacterium on
surgical interventions remain a topic of ongoing research and
clinical consideration. This comprehensive review aims to
elucidate the intricate surgical implications of H. pylori
infection. Recent data on the well-known relationship between
H. pylori and the development of gastroduodenal diseases,
including peptic ulcers and gastric cancer, is analyzed.
Concurrently, Helicobacter pylori infection may have a role in
promoting colonic carcinogenesis and, more interestingly, it has
also been linked to biliary tract cancers. The review highlights
the evolving landscape of H. pylori management in the context
of surgical interventions, accentuating the need for further
research to delineate optimal strategies for preoperative
screening, eradication therapies, and their impact on surgical
outcomes and long-term patient prognosis. Comprehending the
surgical ramifications of A pylori infection remains crucial,
emphasizing the significance of interdisciplinary approaches
and ongoing research effort aimed at enhancing patient care.

Key words: Helicobacter pylori, carcinogenesis, strategies,
screening, surgical implications, prognosis

tion, thereby meeting the criteria outlined in
Koch's postulates (1).

The pivotal discovery of Helicobacter pylori
(H. pylorn) in 1982, by Warren and Marshall,
marked a milestone in medical history by
identifying a bacterial infection as the
underlying cause of chronic gastritis and
successfully isolating the responsible micro-
organism. The authors conducted self-
administered experiments involving the
ingestion of a bacterial broth and subsequent
resolution of gastritis upon H. pylori eradica-

This groundbreaking achievement led to
their recognition and subsequent award of the
Nobel Prize in Physiology or Medicine in 2005.
Since then, ongoing scientific advancements
and novel clinical findings have necessitated
frequent revisions and updates in the
clinical approach to managing H. pylorr
related conditions (2).

H. pylori infection represents a widespread
bacterial infection targeting the gastric
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mucosa, affecting approximately half of the
global population. However, its prevalence
fluctuates based on geographic location and
sanitation conditions. In Europe it exhibits a
heterogeneous distribution. While rates have
significantly declined over recent decades due
to improved living conditions and widespread
use of antibiotics, infection rates still vary
within and between European countries. For
instance, Southern and Eastern Europe
generally showcase higher prevalence rates
compared to Northern and Western Europe.
Countries such as Italy, Romania, and Greece
have reported higher H. pylori prevalence due
to historical socioeconomic factors and varied
healthcare access (3).

Despite the acidic reflux of gastric juice, low
pH, and proteolytic activity, which typically
create an inhospitable environment for
microorganisms, the gram-negative bacterium
H. pylori contradicts the concept of gastric
sterility by thriving in this milieu. The equi-
librium in the gastric mucosa is maintained
through intricate immune and autoimmune
regulatory mechanisms. In contrast to the
intestinal environment, the gastric micro-
environment lacks MALT, but orchestrates an
immune response largely governed by the
behavior of its epithelial layer (4).

Consequently, gastric epithelial cells serve
a dual purpose: fortifying a physical barrier
through mucous secretion and actively partici-
pating in the production of inflammatory
cytokines, chemokines, antigen-presenting
cells, and co-stimulatory molecules during
instances of inflammation and tissue injury.
Gastric immunological defense mechanisms
involve humoral and cellular immunity.
Numerous clinical studies emphasize the
crucial role of gastric cellular immunity in
initiating and sustaining immune equilibrium
within the gastric milieu, underscoring the
essentiality of epithelial cell integrity in
mucosal autoimmunity (5).

The pathogenesis of H. pylori infection
relies on intricate bacterial virulence mecha-
nisms interacting with the host's immune
system and environmental elements, culmi-
nating in diverse gastritis phenotypes that

dictate potential progression toward various
gastroduodenal pathologies. It stands as the
primary causative factor for chronic gastritis
and exhibits variable progression toward
severe gastroduodenal pathologies in certain
individuals, clustering conditions such as
gastric and duodenal peptic ulcer disease
(PUD), gastric MALT lymphoma, and gastric
cancer (6).

The clinical implications of H. pylori infec-
tion are primarily influenced by the pattern
and severity of H. pylorrinduced gastritis (7).
An antral-predominant pattern, characterized
by heightened acid secretion and relative
sparing of the gastric corpus with its
abundant parietal cell mass, increases the
likelihood of peptic ulcers leading to complica-
tions such as hemorrhage, perforation, and
gastric outlet obstruction. In contrast, the
development of gastric cancer is associated
with corpus-predominant gastritis, gastric
atrophy, and a substantial loss of acid secretory
capacity (8). Experimental animal investiga-
tions propose that transplanting the gastric
microbiota from individuals with intestinal
metaplasia or gastric cancer into germ-free
mice induces the formation of precancerous
gastric alterations (9).

Nevertheless, the impact of AH. pylorion the
survival rates of patients with gastric cancer
remains to be elucidated (10). The correlation
between H. pylori infection and the onset of
gastric carcinoma has been extensively sub-
stantiated, resulting in the classification of
Helicobacter pylori as a human carcinogen by
the World Health Organization. Consequently,
chronic infection with H. pylori was officially
affirmed in 2021 within the list of substances
identified or anticipated to induce cancer in
humans in the National Toxicology Program's
15% Report on Carcinogens (11).

Beyond the gastric site of colonization, an
elevated risk of colorectal cancer has been
documented in correlation with a positive
infection status. There have been indications
of an association between H. pylori infection
and the presence of hypergastrinemia, leading
to increased proliferation of the colorectal
mucosa. Potential pathological mechanisms
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underlying this association include the direct
mucosal stimulation, modifications in the gut
microbiome and the induction of low-grade
systemic inflammation (12,13). Multiple
studies have explored the plausible link
between H. pylori infection and colorectal
polyps (14). Recent evidence suggests that
individuals positive for this bacterial infection
exhibit nearly twice the risk of developing
colorectal cancer compared to those negative
for H. pylori infection (15).

The hepato-biliary tract represents an
additional anatomical site susceptible to colo-
nization by this bacterium, potentially resulting
in severe illnesses such as cirrhosis, hepatocar-
cinoma, cholangiocarcinoma or cholelithiasis.
Multiple hypotheses aim to elucidate the
mechanisms underlying the impact of H.
pylori infection on the pathogenesis of hepato-
biliary diseases (16). Among these theories,
one postulates that the disruption of the
epithelial barrier of the gastrointestinal tract
allows the migration of microbiota and their
byproducts into the portal system, triggering
an inflammatory cascade mediated by toll-like
receptors (TLR) present in hepatocytes (17).

Furthermore, H. pylori infection prompts
the secretion of vasoactive and pro-inflamma-
tory molecules and acute phase proteins (18).
This infection is proposed to have systemic
repercussions mediated by these cytokines,
exacerbating diverse inflammatory responses
(19). Ultimately, H. pylori significantly con-
tributes to the onset of perioperative compli-
cations such as marginal ulcers, anastomotic
leaks, or abscesses. These occurrences
have been reported in academic literature
concerning individuals who have undergone
bariatric surgical interventions.

Considering the abundant data available
on this comprehensive topic, our aim in
conducting this literature review is to synthe-
size the latest advancements associated with
the activity of this gram-negative bacterium
within the gastrointestinal tract that might
correlate with surgical consequences.

Helicobacter Pylori and Gastric Pathologies
Gastritis

Colonization of the gastric mucosa by H. pylori
prompts a pro-inflammatory reaction within
gastric epithelial cells, leading to the
recruitment of various immune cells into the
submucosal layer. This culminates in chronic
gastritis, which typically remains asympto-
matic for extended periods of time in the
majority of patients. The degree of inflamma-
tion greatly varies among individuals,
influenced by multiple factors such as
bacterial morphology, host characteristics,
and environmental features. The primary
determinant of the pro-inflammatory capability
of an H pylori strain is the presence of a
functional virulence determinant cag patho-
genicity island (cagPAD (20).

Atrophic gastritis denotes the disappearance
of gastric glands, often arising from auto-
immunity or chronic inflammation of the
stomach mucosa, particularly linked to
H. pylori infection. Diagnosis relies on
histopathological examination, regardless of
the underlying cause. Gastric atrophy marks
the initial precancerous phase, succeeded by
gastric intestinal metaplasia, dysplasia, and
eventually gastric adenocarcinoma. It is
recommended to screen all patients with
atrophic gastritis for H. pyloriinfection, and if
positive, eradication therapy is advised.
Research indicates a substantial association
between H. pylori infection and gastric
atrophy, with a 5% incidence rate among
Hp-positive individuals compared to less than
1% among H. pylorrnegative individuals (21).
For patients with H pylori-positive atrophic
gastritis, endoscopic surveillance every three
years is recommended, alongside evaluations
for deficiencies in iron and vitamin B12.

For certain individuals, the potential for
gastric mucosa restoration exists subsequent
to the eradication of H. pylori infection,
contingent upon the extent of mucosal
damage. However, in cases involving extensive
or severe atrophy, despite successful eradica-
tion of H. pylori, there remains an augmented
risk of gastric cancer, necessitating ongoing
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endoscopic surveillance. Nevertheless, there
are findings supporting a decline in gastric
cancer incidence subsequent to H. pylori
treatment, even in instances characterized by
persistent atrophic conditions (22).

Peptic ulcer disease (PUD)

Despite evolving patterns of debate on PUD
globally, H. pylori infection and use of NSAID
remain the predominant etiological factors
underlying its prevalence (23). Globally, the
incidence of PUD has decreased, attributed to
enhanced hygiene, effective treatments, and
cautious administration of NSAIDs (24).
Duodenal ulcers exhibit a prevalence four
times greater than gastric ulcers and they
tend to occur more frequently in male popula-
tion than in females (25).

The estimated lifetime prevalence of PUD
among individuals with H. pylori infection is
approximately 10%. Over a 10-year period,
more than 11% of those infected develop PUD,
contrasting with a 1% occurrence rate in
uninfected individuals. Schottker et al
conducted a study encompassing a cohort of
nearly 10,000 individuals, revealing in their
cross-sectional analysis that infection with
cagA-positive strains of H. pylori was linked to
a 1.75-fold higher risk of PUD. In longitudinal
analyses, the study unveiled an 18.4-fold
escalated risk for duodenal ulcer and a 2.9-fold
escalated risk for gastric ulcer, respectively
(26).

Regarding the morphology of this condition,
lesions measuring less than 5 mm in diameter
are termed erosions, while those exceeding 5
mm in diameter are referred to as ulcers.
Notably, Zollinger-Ellison syndrome, caused
by gastrin-producing endocrine tumors or
gastrinomas, leads to multiple ulcers in the
duodenum and jejunum. Assessing gastrin
serum levels stands as the gold-standard
diagnostic approach for this condition.

Since the groundbreaking identification of
H. pylori infection, the approach to managing
PUD has undergone a profound transforma-
tion, shifting from predominantly surgical
interventions to medical therapies (27).

The successful eradication of H. pylori

demonstrates ulcer healing rates exceeding
90% (28). Healing gastric ulcers typically
necessitates prolonged acid suppression and
endoscopic monitoring remains essential to
ensure complete restoration of tissue integrity
and to rule out underlying related digestive
malignancies.

Surgical intervention is recommended in
cases where patients do not respond to
medical therapy, demonstrate noncompliance,
or present a high risk of complications. The
complications associated with PUD incorpo-
rate hemorrhage, gastric outlet obstruction
(GOO), perforation, penetration, and the
development of gastric malignancies such as
adenocarcinoma and MALT lymphoma.

Significantly, hemorrhaging surfaces as the
predominant complication, impacting roughly
15-20% of patients, constituting approximately
40-60% of the overall instances of acute upper
gastrointestinal bleeding (23). Notably, the
immediate management of bleeding peptic
ulcers, whether gastric or duodenal, requires
prompt stabilization of cardiocirculatory and
respiratory functions, immediate intravenous
PPI therapy, emergency evaluation endoscopy
providing diagnostic and therapeutic results
(29). H. pylori eradication treatment should
start once the active bleeding phase is
managed. Repetitive hemorrhaging correlates
with elevated mortality rates and may neces-
sitate subsequent endoscopic procedures,
interventional radiology-guided angiographic
embolization, or surgical interventions (23).

Gastric outlet obstruction, a debilitating
complication of PUD, can be effectively
managed through surgical interventions,
either as an initial therapeutic intervention or
following the inadequacy of conservative
approaches like medical treatment and endo-
scopic pneumatic dilation. Zare et al showed
on 22 individuals that EBD is a safe approach
in the treatment of GOO, delivering positive
and enduring outcomes. Nearly three quarters
(73%) of patients had relief in clinical
symptoms following 2 sessions of EBD, while
27% required 3 sessions (30).

Perforated peptic ulcer (PPU) represents a
surgical emergency, retaining an elevated
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mortality rate estimated within the range of
approximately 8.55% to 30.0% (31).
Conservative treatment with nasogastric
suction, acid suppression and antibiotics can
be a treatment option for poor surgical
candidates with a contained perforation
debuted more than 24 hours. The laparoscopic
surgery for PPU has proven to be a safe
procedure being recommended as the 2020
WSES guidelines, in experimented centers (32).

Gastric carcinoma

Gastric cancer represents a substantial global
health concern, comprising around 5.5% of
newly diagnosed cancer cases worldwide in
2020 (33). Its impact on mortality is notable,
contributing to almost 7.5% of cancer-related
deaths globally. The prognostic outlook for
gastric cancer remains bleak, marked by a
considerable decline in the 5-year survival
rate, dropping from 70% for localized cases to
a mere 6% for those diagnosed at an advanced
stage (34).

Approximately 90% of gastric cancer
occurrences are linked to H. pylori infection,
establishing H. pylori as the predominant
pathogen implicated in carcinogenesis (35).
H. pylori has been classified as a Group 1
carcinogen specifically associated with gastric
cancer by IARC (International Agency for
Research on Cancer) (36). Variations in gastric
cancer incidence and mortality across regions
are prominent, with notably elevated rates
observed in Asia and Eastern Europe (37).
Socioeconomic status, dietary preferences, and
lifestyle behaviors, including smoking habits
and levels of salt consumption, contribute to
gastric cancer development. However, these
factors are considered secondary to the
decisive influence exerted by the presence of
H. pylori infection (3).

In a recent publication dated 2023, on a
large cohort of more than 6,000,000 individuals,
Wong et al introduced an algorithm designed
for predicting gastric carcinoma in sympto-
matic patients, incorporating a scoring system
that includes the presence of Helicobacter
pylori infection among its constituents (38).
While H. pylori is acknowledged for its poten-

tial in assessing the risk of gastric cancer, prior
studies that constructed risk prediction models
for gastric cancer predominantly relied on
lifestyle habits and demographic elements (38).

H. pyloriinfection triggers the activation of
oncogenes and the inhibition of tumor
suppressor genes via genetic and epigenetic
mechanisms. Given the absence of distinct
clinical indicators and early diagnostic bio-
markers, the diagnosis of gastric cancer
typically occurs at an advanced stage, limiting
the opportunity for optimal therapeutic inter-
ventions. Presently, the correlation between
chronic inflammation and cancer has emerged
as a fundamental attribute of malignancy.
Chronic inflammation establishes an environ-
ment that suppresses the immune system,
facilitating the genesis and progression of
tumors as well as metastases (39).

As per findings from multiple studies, the
Hippo pathway emerges as a potential diag-
nostic marker for gastric cancer, significantly
influencing numerous biological processes
encompassing cell proliferation, apoptosis,
tissue differentiation, organ development,
and tumorigenesis (40,41). This pathway,
comprised of a kinase cascade and a suite of
effector molecules, represents an evolutionarily
conserved signaling mechanism. Numerous
cellular signaling cascades, among them
HippoYAP, are involved in overseeing the
disruption of gastric epithelial cell balance
induced by H. pylori. The results of a recent
study suggest that elevated expression levels
of YAP/TAZ-TEAD and their respective target
genes frequently correlate with a more
aggressive manifestation of gastric cancer,
indicating a less favorable prognosis for
affected patients (42).

Although specific retrospective studies
have suggested the potential impact of eradi-
cating H. pylori following partial gastrectomy
on long-term prognosis, consensus in this area
remains elusive (10). In a recent 2023 study
from Korea, Yanagawa S. et al assessed the
spontaneous disappearance rate of H. pylori
post-partial gastrectomy in 80 patients
with gastric carcinoma, 9 having undergone
proximal gastrectomy (PG) and the remainder
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distal gastrectomy (DG), findings revealing a
degree of resolution of H. pylori infection was
confirmed through stool antigen tests one year
after the operation. Of the cohort, H. pylori
infection disappeared in 34 patients (42.5%).
While potential explanations such as residual
stomach acidity from environmental factors,
postoperative proton pump inhibitor (PPI)
utilization, or alterations in the intestinal
microbiota due to chemotherapy may account
for the spontaneous resolution, the precise
underlying mechanism remains uncertain.
When comparing surgical techniques, there
was no statistically significant distinction
in the spontaneous resolution rate of H. pylori
infection between PG and DG. Similarly,
among the DG patients, there was no
statistically significant difference in the surgical
approaches between individuals who had
Billroth-I (B-I) and Roux-en-Y (RY) recon-
struction. The spontaneous disappearance of
H. pylor1 after partial gastrectomy should be
analyzed on larger prospective randomized
studies in order to establish the underlying
mechanism. In this way, unnecessary H. pylori
eradication can be avoided and the incidence
of H. pylorrrelated GC can be reduced (43).
The impact of Helicobacter pylori infection
upon the survival of the individuals diagnosed
with GC is under debate. While some studies
have reported H. pylori negative status as
independent predictive factor for poorer out-
comes after gastrectomy, it is widely accepted
that H. pylori eradication decreases tumor
recurrence and enhances survival in individuals
under-going endoscopic resection for early
gastric cancer (EGC) (44). Additionally, the
presence of premalignant GC lesions, like
atrophic gastritis and intestinal metaplasia, is
associated with a 4-6 times higher risk of GC
among H. pylorrpositive patients compared to
H. pylorinegative individuals (45,46).
Guidelines advocate for H. pylori eradication
following endoscopic treatment for early gastric
cancer (EGC). However, the advantageous
effect of H pylori eradication on survival in
patients undergoing gastrectomy remains
inconclusive. In advanced gastric cancer (AGC),
survival is primarily influenced by TNM classi-

fication. Further investigation is warranted to
assess H. pylori positivity and cancer stage as
distinct risk factors for recurrence and
survival. The study conducted by Choi et al in
2020 examined the impact of H. pylori
eradication after subtotal gastrectomy in a
large cohort with extended follow-up period.
Firstly, improved overall and GC-specific
survival benefits were observed in the
H. pylori-eradicated group. Secondly, H. pylori
positivity remained an independent risk
factor for GC-specific mortality and cancer
recurrence. Moreover, concerning AGC,
H. pylori positivity and final cancer stage were
identified as independent risk factors for
GC-specific mortality and cancer recurrence in
both univariate and multivariate Cox propor-
tional hazards analyses. These findings of this
study, the first of its kind, suggest potential
extensions to future H. pylori eradication
guidelines and emphasize the importance
of intensive screening and treatment for
H. pylori infection in patients undergoing
surgical treatment for both EGC and AGC (10).
The proposal of eradicating Helicobacter
pylori as a preventative measure against
gastric cancer has emerged naturally, previous
retrospective investigations suggesting poten-
tial involvement of H. pylori along with other
synergistic elements in the development of
gastric cancer. Recent research has revealed
that AH. pylors infection significantly impacts
gastric microbial dysbiosis, possibly contributing
to carcinogenesis. However, successful eradica-
tion of the infection reinstates the gastric
microbiota to a condition resembling that of
uninfected individuals, thereby exhibiting
beneficial effects on the gut microbiota (47).
A primary concern surrounding anti-
H. pylori therapy revolves around antibiotic
resistance. One recent study from Korea
published in 2020 by Guo et al identified
several upregulated drug resistance-related
functional orthologs in cases where tetra-
cycline-containing treatments have failed.
This discovery contributes to unsuccessful
treatment outcomes, which can also result in
intricate impacts on the gut microbiota due to
antibiotic use. However, following successful
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eradication, a majority of the notably
altered drug resistance functional orthologs
demonstrated a decrease in expression,
indicating that successful eradication might
exert beneficial effects on enrichment of
probiotics and suppression of drug-resistant
mechanism related to gut microbiota.
Moreover, interactions between other bacteria
(which are influenced by gastric dysbiosis) and
H. pylorrassociated gastric lesions might
contribute to the development of gastric
carcinogenesis, yet further wvalidation is
required (47).

The combination of immunotherapy and
surgical intervention stands as a predominant
and aggressive therapeutic approach for indi-
viduals suffering from gastric carcinoma.
However, despite this treatment regimen,
certain patients display unfavorable prognoses.
In a 2023 study, Liu et al conducted an
analysis of mortality risk factors among
patients undergoing radical surgery and
immunotherapy for gastric cancer. On a cohort
of 1,015 patients, 39 variables comprising
diverse characteristics were studied. The
findings indicated that advanced age, tumor
invasion, lymph node metastasis, peripheral
nerve invasion (PNI), multiple tumors, tumor
size, specific tumor markers - such as carcino-
embryonic antigen (CEA), carbohydrate
antigen 125 (CA125), and carbohydrate
antigen 72-4 (CA72-4), along with H. pylori
infection were associated with a negative
prognosis (48). Several mechanisms contribute,
including the acceleration of vascular endo-
thelial growth factor (VEGF) expression,
fostering new blood vessel formation in the
tumor microenvironment and the upregulation
of metalloproteinase-9 (MMP-9) expression,
an enzyme involved in extracellular matrix
degradation. These mechanisms collectively
enhance tumor proliferation, migration and
elevate the likelihood of an unfavorable
prognosis (49,50).

Regarding immunotherapy, the implemen-
tation of immune checkpoint inhibitors (ICIs)
targeting programmed cell death-1 (PD1),
programmed cell death-ligand 1 (PDL1), and
cytotoxic T-lymphocyte antigen 4 (CTLA-4)

has revolutionized the approach to gastric
cancer treatment, whether administered
individually or alongside chemotherapy (51).
H. pyloriinfection was associated with elevated
PD-L1 expression, possibly representing a
beneficial aspect in individuals undergoing
ICI treatment (52). However, recent investiga-
tions indicate that this infection might
negatively impact outcomes in patients
treated with immunotherapy (53).

As per current literature, Magahis et al
conducted the most extensive study in this
domain. Their findings revealed a notable
correlation: patients with metastatic gastric
cancer undergoing ICI therapy displayed
significantly reduced progression-free survival
and overall survival when affected by H. pylori
infection. Notably, both prior and current
infection showed comparable adverse responses
to immunotherapy, making HP status an
important predictive marker responsiveness
to ICI treatment (54).

Even though the eradication of H. pylori
might confer enduring protection against
gastric cancer, therapeutic measures targeting
H. pylor1 could potentially delay the identifi-
cation of malignancies that might manifest as
nonspecific gastrointestinal symptoms. In a
previous study conducted in Finland, the
elimination of H. pylori extended the time to
diagnose gastric cancer, with a median delay
of 7.5 months (36). Consequently, it is crucial
to underline that the diagnostic assessment
for malignancies should persist even upon the
detection and treatment of H. pylori infection.

Gastric mucosa-associated lymphoid tissue
(MALT) lymphoma

First described by Isaacson and Wright in
1983, MALT lymphoma signifies the transfor-
mation of B cells located within the marginal
zone of mucosa-associated lymphoid tissue
into a malignant state. The stomach predomi-
nantly represents the primary location linked
to MALTomas, although other extranodal sites
encompass the lung (14%), ocular adnexa
(12%), thyroid (4%), and the small intestine
(55, 56). Complications stemming from gastric
MALT lymphoma, such as obstruction,
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perforation, or bleeding, have become
infrequent since the introduction of screening
esophagogastroduodenoscopy (EGD), although
there are instances where surgical intervention
may be necessary. Moreover, individuals
diagnosed with gastric MALT lymphoma
exhibit a heightened susceptibility to the
metachronous occurrence of gastric adeno-
carcinoma. Palmela et al documented that the
relative risk for gastric adenocarcinoma in
patients previously diagnosed with gastric
MALT lymphoma stood at 4.32 (95% CI
2.64-6.67) (57).

A gastric MALT lymphoma typically
exhibits an indolent nature and expresses
favorable response rates to standard H. pylori
eradication therapy, particularly when detected
early. In a systematic review conducted by
Zullo et al encompassing almost 1,400
patients diagnosed with low-grade stage I or
stage II lymphoma, remission was observed in
77.5% of cases (58). However, Kim et al
reported that approximately 25% of gastric
MALT lymphomas demonstrate resistance to
H. pylori eradication therapy (59). In another
investigation conducted by Zullo et al, a pooled-
data analysis involving 315 patients resistant
to H. pylori eradication therapy was performed.
The study revealed that among the second-line
therapeutic options, radiotherapy was most
commonly employed, followed by surgical
intervention and chemotherapy. Notably,
patients subjected to radiotherapy exhibited
a comparable remission rate to those under-
going surgical resection (97% vs. 93%; p = 0.2)
and a notably higher remission rate in
comparison to individuals receiving chemo-
therapy (97% vs. 85%; p = 0.007) (60).

Gu et al documented, in 2023, an uncommon
instance of gastric MALT lymphoma
manifesting as gastric outlet obstruction
occurring two years subsequent to H. pylori
eradication therapy. In response to the
gastric outlet obstruction, imperative palliative
surgery was deemed necessary, wherein laparo-
scopic distal gastrectomy with a D1 lymph node
dissection and partial omentectomy were
conducted. Concurrently, systemic chemo-
therapy utilizing a CHOP regimen (comprising

cyclophosphamide, doxorubicin, vincristine, and
prednisone) was initiated. Over the subsequent
five-year follow-up period no recurrence was
detected, and the state of remission was
sustained (55).

An infrequent discovery pertains to intestinal
MALToma. While conventionally perceived as
unrelated to H. pylori infection, select case
reports have documented lymphoma regression
subsequent to the initiation of eradication therapy
targeting H. pylori Badwaik et al presented
a case involving MALToma in the ileum, compli-
cated by intussusception—an occurrence
characterized by the telescoping of a proximal
segment of the intestine into the lumen of an
adjacent section. The patient underwent
resection and anastomosis of the ileal
segment, with no recurrence observed during
the follow-up period (61).

Relationship between Helicobacter pylori
and Colorectal Cancer

Apart from serving as the primary risk factor
in the development of gastric cancer, epidemio-
logical investigations and meta-analyses
indicate that individuals infected with this
pathogen bear a nearly doubled risk of
developing colorectal cancer (CRC) (62).
Nonetheless, a direct causal and functional
relationship between H. pylori infection and
colon cancer remains inconclusive (63).

Multiple potential causal connections exist
between the presence of H. pylori and the
identification of CRC (64). A topic under great
debate in specialized literature involves the
potential carcinogenic impact of H. pylori on
the mucosal lining of the colon. Furthermore,
there have been documented instances where-
in the identification of H. pylori in resected
specimens for colorectal carcinoma was achieved
using diverse histopathological diagnostic
techniques. Moreover, the heightened produc-
tion of gastrin resulting from H. pyloriinfection
could potentially induce carcinogenesis by
triggering proliferative impacts on the colonic
mucosa.

In addition to the potential direct carcino-
genic impact of H. pylori on the colorectal
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mucosa, there have been deliberations regarding
its indirect effects (15). First of all, changes in
microbiota composition and the anomalous
presence of specific bacterial strains in the
small intestine have been linked to CRC
development. This potentially presents an
additional pathway through which H. pylori
might influence intestinal carcinogenesis,
considering its documented capability to
modify microbiota profiles (47). Particular
pathogens like Bacteroides fragilis and
Enterococcus faecalis, alongside a general
impact on colorectal dysbiosis, have been
considered as potential causal connections (65).

Second of all, notably virulent strains of
H. pylori characterized by the presence of the
cytotoxin-associated gene A (CagA) gene might
facilitate colorectal carcinogenesis through
subclinical inflammation and heightened
expression of proinflammatory cytokines (64).

Thirdly, host genes and their variations
play a role in the response to H. pylori,
potentially acting as susceptibility genes not
only for gastric cancer development but also
for CRC (66).

Conversely, CRC and H. pylori infection
exhibit shared risk factors. Both conditions
are correlated with cardiometabolic risk
factors such as obesity, dietary patterns
involving increased meat consumption, and
tobacco usage (67). Moreover, there exists an
association between low income and the
prevalence of both H. pylori infection and
CRC (68).

In a recent meta-analysis conducted by Lu
et al, a cohort comprising over 300,000
participants from 17 observational studies
was examined, revealing an independently
correlation between H. pyloriinfection and the
occurrence of colorectal polyps, but not serrated
polyps. The combined outcomes utilizing a
random-effects model indicated an independent
association between H. pylori infection and
overall colorectal polyps. For example,
H. pylori infection was independently linked
with adenomatous polyps (AP) (OR: 1.71,
p < 0.001), advanced AP (OR: 2.06, p < 0.001),
and hyperplastic polyps (HP) (OR: 1.54,
p = 0.04). These findings imply that H. pylori

infection might constitute a potential risk
factor for colorectal polyps, highlighting its
significance in preventive measures against
colorectal polyps in the adult population (12).

Wernly et al conducted a study involving a
cohort exceeding 5,000 asymptomatic patients
who underwent screening colonoscopy and
upper gastrointestinal endoscopy. The study
aimed to evaluate the correlation between the
presence of H. pylori infection and CRC. The
outcomes of univariate and multivariate
regression analysis revealed a significant
association, wherein the diagnosis of H. pylori
positivity was linked with the concurrent
diagnosis of any CRC neoplasia, even
after correction for common cardiometabolic
risk factors (aOR 1.20; 95% CI 1.10-1.31;
p <0.001) (15).

Sonnenberg et al conducted a case-control
study involving 300,000 patients, with over
half presenting colonic polyps. Their findings
suggested that the compromise of the gastric
acid barrier might facilitate bacterial invasion
of the lower intestinal tract, potentially
fostering the progression of colonic carcino-
genesis. However, this study did not
incorporate corrections for variables beyond
age and sex (69).

Nevertheless, these epidemiological obser-
vations have not yet received experimental
validation, and the precise molecular mecha-
nism through which A. pylori might facilitate
CRC has remained volatile. Ralser A et al
conducted a study employing two Apc-mutant
mouse models and C57BL/6 mice infected
with H. pylori. The authors conducted an
extensive analysis of H. pylori-induced
alterations In intestinal immune responses
and epithelial characteristics using techniques
such as flow cytometry, chip cytometry,
immunohistochemistry, and single-cell RNA
sequencing. The findings indicated an accelera-
tion in tumor development due to H. pylori
infection in Apc-mutant mice. They identified
a distinctive immune alteration signature
instigated by H. pylori, characterized by a
decline in regulatory T cells and an increase in
proinflammatory T cells. Additionally, within
the intestinal and colonic epithelium, H. pylors
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triggered pro-carcinogenic STATS3 signaling
and a reduction in goblet cells. These changes,
along with pro-inflammatory and mucus-
degrading microbial signatures, were shown
to contribute collectively to tumor develop-
ment. Similar immune and epithelial modifi-
cations were discerned in a cohort of 154
human colon biopsies obtained from patients
infected with H. pylori (70).

These discoveries imply that H. pylori
infection might constitute a potential risk
factor for colorectal cancer, providing important
experimental confirmation that this infection
promotes colorectal carcinogenesis.

The Link Between Helicobacter pylori
Infection and Hepato-Biliary Tract Diseases

Primarily establishing colonization within the
gastric mucosa, H. pylori has been identified
within the biliary system, gaining access
through either retrograde reflux from the
sphincter of Oddi or hematologically via the
portal circulation (71).

Multiple investigations have indicated a
higher frequency of gastric and/or duodenal
ulcers attributed to H. pylori among individuals
with liver cirrhosis. For example, Feng et al, in
their meta-analysis, delineated that within
cirrhotic cohorts, the prevalence of H. pylori
infection is notably elevated compared to
control groups (OR=2.05, p<0.0001) (72).

Moreover, an association between liver
cirrhosis and hepatocellular carcinoma (HCC)
among individuals infected with H. pylors
was established by Abdel-Razik et al. Notably,
H. pylori emerged as an independent risk
factor for portal vein thrombosis and HCC
(p=0.043, p=0.037). Following H. pylori
eradication, a decline in markers indicating
inflammation and complications associated
with cirrhosis was observed within one year (19).

In a recent extensive meta-analysis
conducted by Madala et al, encompassing 26
studies, a noteworthy discrepancy in H. pylors
infection rates emerged between patients with
HCC and control groups. Notably, the preva-
lence of H. pylori infection was significantly
higher in patients with HCC (OR= 4.75, 3.06-

7.37). These findings suggest an elevated risk
of HCC development in the presence of
Helicobacter infection, particularly accentuated
in cases of co-infection involving hepatitis C
virus (HCV) and H. pylori. However, further
prospective cohort studies are imperative to
establish a conclusive causal relationship (73).

Given successful isolation of Helicobacter
spp from the biliary system, an intriguing
hypothesis surfaces concerning the potential
involvement of these organisms in biliary tract
diseases pathogenesis (17).

Although less recognized, H. pylori infection
has been linked to cholelithiasis and cholecysti-
tis. Investigations into the potential role of
H. pylori in the development of gallstones
have elucidated three plausible pathogenic
mechanisms. Initially, the bacterium might
serve as a focal point for the initiation of stone
accumu-lation. Secondly, active infection
within the bile vesicle heightens oxidative
stress, escalating the generation of reactive
oxygen and nitrogen species. This effect
disrupts both the absorptive and secretory
functions of the gallbladder, resulting in an
elevated bile supersaturation within the
organ, thereby fostering stone formation.
Additionally, urease production increases the
intra-gallbladder pH and stimulates enzymes
responsible for bile deconjugation, ultimately
leading to the precipitation of calcium
bilirubinate (74,75).

Zhang et al, examining almost 15,500
participants, observed a significantly reduced
gallstone occurrence among individuals
whose H. pylori infection had been eradicated
compared to those H. pylorrpositive individuals
without prior eradication (9.02% vs 9.47%;
p< 0.0001) (76). Similarly, Takahashi et al,
with a similar cohort size, noted comparable
outcomes (6.08% vs 4.73%; p < 0.001) (77).
Therefore, further exploration into the potential
impact of H. pylori eradication on the manage-
ment of gallbladder diseases is justified.

The reliability of these studies might be
impacted due to the detection methodology
utilized. Present diagnostic methods including
urea breath tests and serology possess
limitations as they cannot precisely identify
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H. pylori infection within the gallbladder.
More targeted detection approaches like PCR
entail invasiveness, necessitating tissue sam-
ples, thereby restricting their application
unless there are compelling indications for
invasive biliary tract procedures. Despite the
high specificity of PCR in detection, it fails to
differentiate between active and inactive
infections, potentially resulting in false-
positive outcomes (78,79).

The capacity of H. pylori to generate
pro-oncogenic agents such as CagA and VacA,
along with its role in fostering chronic inflam-
matory conditions, can activate and instigate
diverse carcinogenic pathways, resulting in
increased cellular turnover. Persistent inflam-
matory processes predispose individuals to the
development of both gallbladder cancer and
cholangiocarcinoma (CCA) (80). In a case-
control investigation conducted by Hassan et al,
gallbladder mucosal histology was compared
between non-infected and H. pylorrinfected
gallbladders. The findings indicated a substan-
tial increase in mucosal hyperplasia (p = 0.028),
along with metaplasia and dysplasia (p = 0.049)
in H. pylorrinfected gallbladders when
contrasted with non-infected counterparts
(81,82). These alterations are recognized as pre-
cursor lesions contributing to the development
of gallbladder cancers.

Boonyanugomol et al reported a notably
higher prevalence of H. pylori in bile samples
obtained from cholangiocarcinoma (CCA)
patients (66.7%) in comparison to those with
cholelithiasis (41.5%) and the control group
(25.0%), as determined by PCR analysis
(p < 0.05 in both comparisons). Additionally,
the study indicated a significantly elevated
presence of the CagA gene in CCA patients
compared to those with cholelithiasis (36.2%
vs. 9.1%, p < 0.05), proposing its potential
involvement in the pathogenesis of CCA (83).

It has been hypothesized that H. pylori
might act as an etiological factor in primary
biliary cholangitis (PBC) and primary
sclerosing cholangitis (PSC) (84). However,
findings in this area are conflicting. While
Nilsson et al established a significant correla-
tion between H. pyloriinfection and PSC/PBC,

Boomkens et al found no disparities in the
prevalence of PSC or PBC between H. pylorr
positive and control groups. This presents an
intriguing area for further investigation given
the limited effective management strategies
for PSC and PBC, both of which exhibit sub-
optimal outcomes (85,86).

In the past decade, numerous recent
studies have explored the potential link
between H. pylori infection and the develop-
ment of pancreatic cancer, yielding inconsis-
tent conclusions (87,88). However, a recent
meta-analysis conducted by Zhou BG et al,
comprising 20 observational studies involving
over 67,000 participants, indicated that there
exists no statistically significant association
between H. pylori infection and the risk of
pancreatic cancer (OR=1.20, p=0.13).

Moreover, the findings did not demonstrate
any substantial correlation between CagA-
positive and negative strains or VacA-positive
strains of H. pyloriinfection and the likelihood
of pancreatic cancer (89).

Currently, surgical intervention stands as
the sole potential curative approach for biliary
tract cancer, with a considerable recurrence
rate despite the application of adjuvant
chemotherapy (79). The efficacy of current
H. pylori eradication regimens in eliminating
the bacterium from the biliary tract remains
uncertain. Considering the unfavorable prog-
nosis associated with such conditions, further
clarifications are required regarding detection
methodologies, the etiological association
between H. pylori and hepato-biliary tract
diseases and the potential influence of H.
pylori eradication on managing hepatobiliary
tract diseases.

Helicobacter pylori and Perioperative
Complications

It has been postulated that H. pylori infection
may heighten the likelihood of postoperative
complications subsequent to bariatric
procedures due to its impact on the gastric
mucosa (90,91). However, owing to the limited
availability of data, the clinical practice guide-
lines on bariatric surgery issued by the
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European Association for Endoscopic Surgery
refrain from making a recommendation regard-
ing preoperative eradication of H. pylori (92).

Prior meta-analyses examining the influence
of H. pylori infection on outcomes of bariatric
surgery have been documented. For instance,
Mocanu et al conducted a meta-analysis
comprising 255,435 patients who underwent
various types of surgical bariatric procedures.
The findings suggested a tenfold increase in
marginal ulceration among H. pylors positive
patients undergoing Roux-en-Y gastric bypass
when compared to H. pylorrnegative
individuals. Nonetheless, similar rates of
bleeding, leak incidents, hospital duration, and
weight loss were observed between H. pylorr
positive and H. pylorrnegative patients (93).

Vertical sleeve gastrectomy (VSG) has
emerged as the fastest-growing bariatric
procedure globally, entailing the resection of
the almost entire greater curvature of the
stomach. This procedure significantly reduces
the amount of tissue potentially colonized by
H. pylori and, unlike gastric bypass, mitigates
the risk of marginal ulceration. Despite this,
there remains a dearth of definitive data
concerning the management of H. pylori post
VSG.

Information available in the specialized
literature proposes that inflammation and
edema within the gastric mucosa, consequent
to H. pyloriinfection, might impede staple line
formation, potentially elevating the risk of
postoperative complications such as leakage,
bleeding, or infection (94). Conversely, research
indicates a low postoperative prevalence of
H._ pylori detected by urea breath tests despite a
notable presence in immunohistochemical
staining of excluded stomachs (95).

A meta-analysis conducted by Patricia
Marcolin focusing on laparoscopic Sleeve
Gastrectomy (LSG), encompassing 6,199
patients, indicated a correlation between
H. pyloriinfection and elevated rates of overall
postoperative complications (OR 1.56, p=0.007)
as well as staple line leak (OR 1.89, p = 0.03).
Nonetheless, it is crucial to acknowledge
that while such a correlation exists, other
contributing factors may play substantial roles

in the occurrence of this complication (96).
Thus, the study does not establish a direct
cause-and-effect relationship (97).

However, Brownlee et al have found that,
among 480 patients undergoing primary
vertical sleeve gastrectomy (VSG), 52 were
identified as H. pylori positive based on
pathological findings, thus creating two cohort
groups. Within the initial 30-day postopera-
tive period, 17 readmissions were recorded,
with fewer than 30% occurring in the H. pylori
positive cohort. Among those cases, 2 were
classified as severe, involving occurrences of
anastomotic leak and intra-abdominal abscess.
Nevertheless, a definitive causal association
with A pylori infection status could not be
established, as there was no statistically
significant distinction in the rates of severe
complications between the two groups (p = 0.67)
98).

Conclusion

In summary, the literature indicates that the
surgical implications associated with A, pylors
infection constitute a complex and continuously
evolving subject of discussion. While extensive
research has established its link with gastric
disorders such as peptic ulcer disease, gastric
cancer, and gastric MALT lymphoma, unraveling
precise mechanisms and optimizing therapeutic
Interventions remains an ongoing challenge.

The observed correlations between H. pylori,
colorectal polyps, and certain micro-biota
alterations highlight its potential indirect
impact on colorectal cancer. The association of
H. pylori infection with hepato-biliary diseases
is hypothesized through various theories
involving gastrointestinal epithelial violation,
microbial translocation, and immune stimula-
tion. However, direct evidence establishing a
pathogenic connection with pancreatic issues is
still lacking.

Concerning bariatric surgery, the role of
H. pylori in postoperative complications like
staple line leaks i1s under ongoing investiga-
tion and scrutiny. The consideration of H.
pyloriinfection in preoperative assessments is
a subject of interest, with various diagnostic
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methods available, including serological tests,
urea breath tests, gastric endoscopy, and stool
antigen tests.

However, much of the evidence comes from
epidemiological studies where a comprehen-
sive analysis of confounding factors is often
lacking, making it challenging to establish
causal relationships. Nonetheless, advance-
ments in this field hold promise for refining pre-
operative management strategies, potentially
improving patient outcomes. Interdisciplinary
collaboration among surgical, clinical, and
microbiological domains remains crucial for
advancing our comprehension and refining
treatment modalities. This collaboration aims
to alleviate the surgical burden of H. pylorr
related diseases and enhance therapeutic
strategies, ultimately improving patient care
outcomes.
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