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Abstract

Chronic inflammation, through a variety of mechanisms, plays a key role in the
occurrence and development of digestive system malignant tumors (DSMTs). In
this study, we feature and provide a comprehensive understanding of DSMT
prevention strategies based on preventing or controlling chronic inflammation.
The development and evaluation of cancer prevention strategies is a longstanding
process. Cancer prevention, especially in the early stage of life, should be
emphasized throughout the whole life course. Issues such as the time interval for
colon cancer screening, the development of direct-acting antiviral drugs for liver
cancer, and the Helicobacter pylori vaccine all need to be explored in long-term,
large-scale experiments in the future.

Key Words: Chronic inflammation; Digestive system malignant tumors; Prevention;
Screening; Life course; Gastrointestinal cancer
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Core Tip: Chronic inflammation plays an important role in the development of digestive system malignant
tumors (DSMTs). The prevention and control of chronic inflammation is the key process of pre-disease
prevention of DSMTs. This article summarizes the current prevention strategies of DSMTs based on
chronic inflammation control. Health management throughout the life course significantly reduces the risk
of cancer, especially in the early stages of life.
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system tumors should focus on the control of chronic inflammation. World J Gastrointest Oncol 2023; 15(3): 389-
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INTRODUCTION

Cancer is the leading cause of death and an important obstacle to increasing world life expectancy.
According to the latest global report, the global cancer burden is projected to increase by 47% in 2040
over 2020, reaching 28.4 million cases. Global cancer morbidity and mortality are increasing rapidly[1].
Digestive system malignant tumors (DSMTs) account for more than one-third of all cancer deaths, and
mainly include colorectal (9.4%), liver (8.3%), gastric (7.7%), esophageal (5.5%) and pancreatic (4.7%)
cancer[1].

Inflammation represents the host's immune response to destructive stimuli caused by irritants or
pathogens. While most pathogens stir up an acute inflammatory response that completely clears
irritants from suitable hosts, insufficient resolution of inflammation and an unrestricted inflammatory
response can trigger chronic inflammation, destroy host immunity, and predispose the host to various
diseases, including cancer[2]. The link between chronic inflammation and DSMTs has been established
for more than a century[3,4]. Approximately 25% of cancer cases have been estimated to be related to
chronic inflammation[5]. In fact, chronic inflammation tends to lead to tumor formation in various
gastrointestinal organs, including hepatocellular carcinoma (HCC) caused by chronic hepatitis induced
by hepatitis B virus (HBV) or hepatitis C virus (HCV), gastric cancer (GC) caused by chronic gastritis
associated with Helicobacter pylori (H. pylori), and colorectal cancer (CRC) caused by inflammatory bowel
disease (IBD).

Much research evidence suggests that chronic inflammation contributes greatly to tumorigenesis, but
the underlying molecular mechanisms are intricate. The innate immune system has pro-tumor and anti-
tumor effects on tumorigenesis. The innate immune response can protect the host from tumors induced
by viruses by inhibiting or eliminating viral infections. On the other hand, swift removal of pathogens
and suppression of inflammation will establish an appropriate inflammatory microenvironment for
tumor formation[6-8]. Recent studies have found that when persistent inflammation occurs, the inflam-
masome complex begins to activate, causing it to assemble and further activate caspase, produce pro-
inflammatory cytokines, and induce pyroptosis[9]. Apoptosis-associated speck-like protein containing a
CARD promotes tumors through the nuclear factor kappa B (NF-«B) signaling pathway in GC[10].
Nucleotide-binding oligomerization domain, leucine-rich repeat, and pyrin domain-containing protein
have the ability to support rapid migration of cancer cells in vitro and metastasis in vivo in CRC[11].

Because DSMT diagnosis usually occurs in the late stages of disease development, more work is
needed to realize the enormous potential of primary prevention and early detection. This article
summarizes the latest progress in DSMT prevention strategies based on chronic inflammation.

EPIDEMIOLOGY

The global incidence of DSMTs has decreased gradually, while DSMT mortality has remained steadily
at 35.6%. Major DSMTs are colorectal (1.14 million new cases in 2020), gastric (1.08 million), and liver
(906577) cancers. In the early stage, most DSMT patients are asymptomatic or have chronic inflam-
mation, which is not easy to detect. When clinical symptoms appear, they are usually in the late stage of
the disease. Due to the late diagnosis of DSMTs, the 5-year survival rate is usually very low[12].

Chronic inflammation caused by infection with potential carcinogens is a major risk factor for DSMTs
(Figure 1). Parkin DM’s study showed that more than one-quarter of cancers were attributable to
infection[13]. In 2018, an estimated 2.2 million diagnosed cancer cases were attributed to infections
worldwide[12]. Primary causes were H. pylori (810000 cases), HBV (360000), and HCV (160000). The
highest infection-attributable age-standardized incidence rates (ASIR) was in eastern Asia (37.9 cases
per 100000 person-years) and sub-Saharan Africa (33.1), and the lowest ASIR was in northern Europe
(13.6) and western Asia (13.8). China accounts for one-third of worldwide cancer cases attributable to
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Figure 1 Carcinogenic mechanism of malignant digestive system tumors based on chronic inflammation. H. pylori: Helicobacter pylori; CagA:
Cytotoxin-associated gene A; VacA: Vacuolating cytotoxin A; OipA: Outer inflammatory protein A; S. typhi: Salmonella Typhi; LPS: Lipopolysaccharide; CDT:
Cytolethal distending toxin; E. coli: Escherichia coli; B. fragilis: Bacteroides fragilis; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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infection, driven by the high ASIR of H. pylori (15.6) and HBV (11.7) infection[12]. The overall burden of
cancer caused by infection is the same in men and women. In Asia, among six major infectious agents,
new cancer cases were mostly attributed to H. pylori (31.5%), followed by HBV (28.6%), and HPV
(22.0%).

More than half of all DSMTs were caused by modifiable risk factors, including alcohol consumption
and smoking, chronic inflammation caused by infection, diet, and obesity[14]. The marked temporal
variations in the main DSMT incidence over the past decades are largely ascribed to changes in the
prevalence of these risk factors[15,16]. Since most DSMT diagnoses[17,18] occur at an advanced stage
with poor prognosis, mortality trends at specific sites usually reflect incidence trends. In 2040, the
number of new DSMT cases and deaths worldwide are expected to increase by 58% and 73%,
respectively[12]. This estimated burden level highlights the necessity of identifying the best clinical
approaches for DSMTs, as well as the need to prioritize and implement preventative strategies. DSMT
incidence is declining, while mortality and the number of cancer deaths are still high.

MECHANISM OF CHRONIC INFLAMMATION IN THE OCCURRENCE OF DSMTS

To date, many studies have linked chronic inflammation to DSMTs, including tumors in the colon, liver,
stomach, and other parts of the digestive tract[19-22]. Chronic inflammation can generate the
production of chemokines, growth factors, reactive oxygen species (ROS), and reactive nitrogen species
(RNS). These mediators trigger inflammatory pathways in digestive system epithelial cells including the
cyclooxygenase-2 (COX-2), NF-kB, signal transducer and activator of transcription 3 (STAT3), and
inducible nitric oxide synthase pathways. Subsequently, activation promotes tumor initiation by
increasing cell circulation, inhibiting tumor inhibitory pathways, and activating oncogenes|[3]. As soon
as tumors are established, inflammation promotes tumor progression by suppressing apoptosis,
promoting cell proliferation and angiogenesis, regulating cellular adhesion, and promoting metastasis
[23]. Due to their high activity against cancer and inflammation, natural products and their derivatives
have been studied, such as berberine[24]. Chronic inflammation caused by exposure to long-term
environmental irritants or associated with infection or autoimmune disease precedes tumor devel-
opment and can promote it through oncogene mutations, genomic instability, early tumor promotion,
and heightened angiogenesis[25]. Tumor-associated inflammation develops with tumor development.
These inflammatory responses can heighten neoangiogenesis[26], promote tumor development and
metastasis, cause local immunosuppression[25], and further increase genomic instability[27]. By causing
necrosis and tissue injury, tumor therapy can also trigger an inflammatory response that promotes
tumor reemergence and resistance to therapy. This article focuses on chronic inflammation precedes
tumor development.
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The gastrointestinal tract not only has the function of digesting food and absorbing nutrients but also
provides a physical barrier for the body to resist a large number of pathogenic or commensal microor-
ganisms in the gastrointestinal cavity[28]. Through many innate immune mechanisms, the
gastrointestinal tract prevents and clears pathogenic microbial infections of the intestine[29]. Host
inflammation affects gut microbiome composition and functional capacity[30]. Chronic inflammation
can target and induce the expansion of gut microbes[31]. Gut microbiota forms the host immune system
and is essential for human health[32]. The appearance of gut inflammatory diseases, such as colitis, is
associated with changes in the gut microbes[33]. Colitis occurs when microbes change from a “eubiotic”
to a “dysbiotic” state, which is a risk factor of CRC development[34]. Compelling evidence are
supporting that alteration of gut microbiota, particularly the dysbiosis condition might produce
enrichment in pro-inflammatory opportunistic pathogens and a decrease in butyrate-producing
bacteria, which may lead to an imbalance in intestinal homeostasis that could ultimately lead to tumor
formation[23,35,36]. The relationship between H. pylori and GC is the most iconic relationship between
individual microbial species and cancer[37]. When H. pylori is present, making up 40%-90% of the
stomach microbiome, it becomes the richest organism in the stomach microbiome[38]. H. pylori contains
toxins like cytotoxin-associated gene A (CagA) and cytotoxin-associated gene A pathogenicity island
(VacA), which can manipulate cell survival and chronic inflammation that leads to cancer[39]. Many
mechanisms could explain how microbes influence colorectal oncogenesis. Mucosa-associated
Escherichia coli and Bacteroides fragilis (B. fragilis) are often found in tissues of patients with Crohn's
disease and CRC[40]. B. fragilis produces a zinc-dependent metalloproteinase toxin called Bifidobacterium
fragilis toxin, which cleaves the extracellular domain of the cell surface protein E-cadherin, resulting in
the complete degradation of E-cadherin[41]. Long-term colonization of the colonic epithelium by B.
fragilis increases the risk of CRC. Loss of surface barrier function in CRC triggers commensal bacteria-
induced tumors that promote inflammation. The commensal bacteria themselves can also invade tumor
tissue, induce tumor-infiltrating myeloid cells to produce inflammatory cytokines, and promote CRC
oncogenesis[23]. The resistance response induced by Fusobacterium nucleatum (F. nucleatum) in the host
induces an inflammatory environment and promotes the recruitment of inflammatory cells as well as
the secretion of inflammatory factors[42]. This effect of F. nucleatum creates a microenvironment
conducive to tumor growth. About 3%-5% of acute Salmonella Typhi (S. Typhi) infected people become
chronic carriers. Since S. Typhi infection persists in the biliary system, leading to chronic infection of the
gallbladder[43]. A case-control study showed that chronic typhoid carriers died from hepatobiliary
cancer six times more frequently than in the control group[44]. A study conducted in Chile, a country
with the highest infection rate in the world, showed that early detection of S. Typhi is critical for the
development of gallbladder cancer prevention strategies[45].

Many studies have shown that several chronic diseases, such as cancer, which are more common in
later adulthood, are influenced by social and psychological environments at birth, during childhood, in
adolescence, and during early adulthood[46]. Studies have shown that an accumulation of damage over
the course of life is the cause of disease, not simply what happens at a certain point in life. DSMT is a
multifactorial complex systemic chronic disease. Most of the underlying exposures cannot be considered
individual factors, and exposures cannot be treated as separate or isolated factors because of their role at
different levels, which vary from time to time. Life-course epidemiology[47] attempts to combine the
entire biological and social risk processes leading to chronic disease. It studies how exposure to social
patterns at various stages of life (childhood, adolescence, and early adulthood) affects disease risk and
socioeconomic status in adulthood, which may lead to social inequality in adult health and mortality
[48]. Current research in life course epidemiology has focused on chronic infectious diseases, psycho-
logical diseases, cardiovascular diseases, and other aspects. Cancer is also regarded as a noninfectious
chronic disease, and many related life course epidemiological studies have been carried out on cancer,
such as aerodigestive cancer[49], HCC[50], and CRC[51]. Most of these studies focus on early life
variable risk factors such as chronic inflammation and diet. The time from susceptibility to disability,
death, or recovery is variable. In many nonpersistent infections, symptoms of the disease occur within
days (more over a longer period) of the initial infection. For example, HBV and HCV persist and
replicate in the body, and may not cause disease (primary liver cancer in this case) until 50 years after
infection. Age at the time of infection also affects the severity and progression of the disease. Epstein-
Barr virus infection hardly causes any symptoms in childhood, whereas it results in glandular fever in
adolescence. With increasing age, hepatitis A has become an increasingly serious disease. In terms of the
origin of diseases (such as cancer), the core of the life course health development model is to find the
causes from the life course framework, focus on identifying high-risk phenotypes and risk markers in
early life, and then take measures to prevent diseases and promote health. We should look at the
healthy development trajectory from the perspective of the whole life course (Figure 2). Disease
prevention and health promotion are important throughout the whole life course, but in the “window of
opportunity” period, such as fetal development, childhood, and adolescence, the intervention is more
effective[52]. The earlier an intervention occurs, the better the effect of disease prevention.
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Figure 2 Human life course and the risk of digestive system malignant tumors. Risk factors at different stages of the life course from the fetal and
birth stages affect the occurrence and development of cancer. The potential genetic susceptibility to cancer is changed by chronic inflammation, diet, nutrition and
other carcinogens in the environment, which determines the cumulative risk of cancer. Cancer prevention should include actions at each stage of the life course, of
which the early stage is the most important. The greatest potential for an effective fight against cancer is to reduce the cumulative risk throughout the life course.
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STRATEGIES FOR POPULATION-WIDE AND TARGETED SCREENING OF MALIGNANT
TUMOR BASED ON COUNTRACTING CHRONIC INFLAMMATION

Population-wide prevention includes avoidance of known carcinogens, enhancement of host defense
mechanisms, lifestyle changes, and chemoprevention. In cancers associated with chronic inflammation,
eradication of the relevant pathogen must be considered a population-wide preventative measure.
Target population prevention includes screening and treatment of precancerous lesions or early cancers.

Colorectal cancer

According to the Global Cancer Statistics 2020 report, CRC is the third most common cancer worldwide,
and its incidence has been increasing despite some advances in screening and treatment[53]. Due to the
lack of effective treatment, the 5-year survival rate of stage four CRC patients at diagnosis is less than
10%[23]. Although developed countries have the highest CRC incidence and mortality around the
world, CRC incidence has recently shown an increasing trend in low-income and middle-income
nations[54]. This trend reflects changes in lifestyle factors and diet: increased intake of animal-derived
foods and sedentary lifestyles lead to reduced physical activity and a higher prevalence of excess body
weight[1]. However, complex reasons behind this reflect both population ageing and global population
growth, as well as changes in the prevalence and distribution of major cancer risk factors. The study
found that in countries undergoing major transitions, such as Eastern Europe, Southern Europe, Central
and South Asia, and South America, incidence tends to increase consistently with the human
development index[55].

CRC has long been considered to be closely related to chronic inflammation, which can occur in the
early stages of tumor onset. Studies have shown that[56] IBD, including Crohn’s disease and ulcerative
colitis (UC), dramatically increases the risk of colitis-associated CRC (CAC). UC patients have a 2.4-fold
increased risk of CAC[57]. Currently, the relationship between IBD patients and CRC has been widely
confirmed. Compared with the general population, patients with long-term colonic IBD have a higher
risk of CRC[58]. Any event that promotes and maintains inflammation may be considered a potential
carcinogen[59]. Under healthy conditions, there is a strictly controlled interaction between enterocytes
and intestinal immune system cells to maintain the balance between proinflammatory mediators [e.g.,
tumor necrosis factor (TNF)-q, interleukin (IL)-1, and IL-6] and anti-inflammatory signals (e.g., IL-10 and
transforming growth factor-B)[60]. In IBD, an imbalance leads to changes in cell behavior. In CAC,
various inflammatory mediators (e.g., TNF, IL-17A, and IL-23) and genotoxic substances (i.e., ROS and
RNS) generated by different cellular systems (immune cells and mesenchymal cells) synergistically
introduce genetic and epigenetic modifications, eventually leading to tumorgenesis[61]. The genetic
mechanisms of tumorigenesis in CAC are similar to that in sporadic CRC, including chromosomal
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instability, microsatellite instability, mutations in pivotal tumor suppressor genes, and aneuploidy. But
the timing and frequency of these conditions are different between CAC and sporadic CRC[62]; TP53
variants and aneuploidy were detected earlier in CAC, than sporadic CRCs, while KRAS and APC
variants showed a lower prevalence at later stages of tumorigenesis[60]. Recently, some scholars[42]
have found that F. nucleatum promotes the occurrence of CRC through several virulence mechanisms:
adhesion to the intestinal epithelium or induction of host inflammation and host immune response.

Population-wide prevention: Population-wide prevention is an important supplement to CRC
screening and prevention. In addition to some inherent risk or protective factors, such as sex, age, family
history, and genetic predisposition, epidemiological studies have revealed some potentially modifiable
factors related to the increase or decrease in CRC risk, which all point out the challenges and potential
opportunities for prevention.

Various nutrients with proinflammatory or anti-inflammatory activity may affect CRC risk through
intertwined pathways, such as intestinal microbial metabolism[63]. In recent years, there have been
many studies on the prevention measures of CRC based on the prevention and control of chronic
inflammation. Smoking, excessive drinking, being overweight or obese, Western diets and processed
meats, and inflammatory eating patterns are risk factors that have been recognized in recent years. On
the other hand, physical activity, regular use of aspirin and hormone replacement therapy, non-steroidal
anti-inflammatory drugs (NSAIDs), probiotics, and the Mediterranean diet were found to be associated
with decreased CRC risk. There are signs that consuming milk and whole grains may also protect
against CRC[64]. Inflammation may be a potential mechanism linking dietary patterns to CRC
development[65]. A large cohort study of 121050 adults who were followed up for 26 years found that
the risk of CRC increased significantly with the intake of a proinflammatory diet. Reducing the adverse
effects of an inflammatory diet may reduce the risk of CRC[66]. Physical activity can reduce systemic
inflammation, reduce the level of proinflammatory cytokines related to CRC, or affect the inflammatory
microenvironment, which may play a crucial role in reducing the risk of CRC[67]. With respect to the
use of aspirin in the general population, the incidence of CRC decreased by 26% after 23 years of follow-
up. The use of NSAIDs, such as aspirin and celecoxib (COX-2 inhibitors), has a protective effect on the
occurrence of CRC[68]. Studies have shown that the potential mechanisms related to the use of
probiotics are alterations in the gut microbiota and physicochemical conditions, the production of
antioxidant metabolites, a reduction in intestinal inflammation, and the production of harmful enzymes
to support the prevention of colon cancer[69].

Targeted screening: CRC usually develops slowly over a period of several decades after normal colonic
epithelium is transformed into an adenoma, providing ample time for intervention to prevent CRC[70].
In 1980, the American Cancer Society recommended the use of fecal occult blood tests for early
diagnosis of CRC every year for people over 50 years old[71]. Since then, inspection technology has
developed rapidly[72] and the screening strategy has been continuously updated[73-76]. Currently,
common screening techniques include colonoscopy, rectal endoscopy, and fecal occult blood tests. At
the same time, many new technologies, such as color endoscopy, are being studied as complementary
technologies to improve the early detection of dysplasia and cancer in high-risk populations[77]. One
study evaluated colonoscopy and regular endoscopic follow-up of patients who had undergone
precursor resection. Compared with the external control group, the incidence, and mortality of rectal
cancer decreased by 31% and 18%, respectively, after 20 years of follow-up[78]. Researchers at the
Harvard School of Public Health (HPFS) found that 40% of CRC can be prevented if people undergo
colonoscopies regularly[79]. Target population screening can effectively reduce the incidence and
mortality of CRC. The incidence and mortality of screening are reduced by approximately 50% and 53%,
respectively, but the gap can be filled by modifying the prevention strategy of attributable risk factors in
the whole population. However, there are several aspects of CRC screening problems in clinical practice
that require specific attention: Who should be provided with CRC screening? When should the first
screening test be given? Is the screening interval the same for everyone? How screening strategies be
developed? The burden of disease and the overall socioeconomic situation vary from region to region,
and each region should propose screening recommendations suitable for its population based on
various international standards and consensus.

Population-wide prevention requires a lifelong perspective and may have benefits in the long run.
Since CRC and other common chronic diseases have many of the same risk and protective factors, long-
term universal prevention efforts aimed at reducing CRC risk factors may provide far more than just the
expected benefits[80]. Changing dietary and lifestyle factors may have a significant overall impact on
the risk of CRC. In previous HPFS studies, up to 70% of the total burden of colon cancer in the United
States population could be prevented by moderately changing diet and lifestyle[81]. To further integrate
the combined effects of modifiable risk factors, a comprehensive model of colon cancer incidence was
developed that took into account the changes in risk factors throughout the life course. The study found
that women with “high-risk” lifestyle factors were nearly four times more likely to develop colon cancer
than women in the “low-risk” group[82]. Although endoscopic screening can reduce the incidence of
cancer in these high-risk women, the CRC risk after this reduction is still significantly higher than that
of medium- and low-risk women. Therefore, a population-wide prevention strategy of changing
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lifestyle in early life is an important supplement to CRC screening,.

HcC

HCC is the most common form of primary liver cancer (75%-85% of cases). The incidence and mortality
of liver cancer have declined in many high-risk countries in eastern and southeastern Asia since the
1970s and in Japan since the 1990s. Vaccination against HBV had been a major public health success. It
was first introduced to high-risk countries in East Asia in the early 1980s and greatly reduced the
prevalence of HBV infection and the incidence of HCC[83]. It is believed that the aetiology of HCC is
mainly related to cirrhosis, viral hepatitis, alcoholic liver disease, metabolic-related fatty liver disease,
aflatoxin infection, heavy drinking, being overweight, type 2 diabetes, and smoking[1]. HBV infection
and HCV infection account for 56% and 20% of global liver cancer deaths, respectively. Although
nonviral risk factors are increasingly important for the burden of liver cancer, the elimination of viral
hepatitis is still a key strategy for the primary prevention of liver cancer worldwide[84]. Viral hepatitis
is the main pathogenic factor, the most common of which is chronic HBV and HCV infection. Compared
with HCV infection alone, cirrhosis and HCC are more likely to occur in patients with HBV/HCV
coinfection[85]. Because the chronic infection is usually asymptomatic, many infected people are not
diagnosed[86]. As of 2015, an estimated 290 million people worldwide remained undiagnosed, and
more than 80% of liver cancer patients are diagnosed at an advanced stage[87].

HCC usually occurs in tissues that experience chronic inflammation[88]. Although the underlying
molecular mechanisms of the aetiology are different, in most cases, chronic liver inflammation and the
resulting cirrhotic microenvironment promote the initiation and development of HCC[89]. Repeated
liver inflammatory injury can lead to liver cell damage, cirrhosis, and ultimately hepatocellular
carcinoma[90]. The microbiome profile, consuming a high-fat Western diet, and a high intake of alcohol
[91] are associated with various forms of inflammations, which will promote the onset of HCC. The
main trigger of inflammation associated with liver cancer is epithelial cell death. Pathways contributing
to inflammation-mediated hepatocarcinogenesis mainly include cytokine signaling (TNF-o, IL-6, NF-«B,
JNK, and STAT3), innate immune signaling, and adaptive immunity[89]. Experimental evidence
indicates that HCV may also contribute to hepatocarcinogenesis directly through the interference of
viral proteins with host cell signaling pathways involved in cell survival, transformation, proliferation,
and angiogenesis[92]. Benkheil’s studies have shown that activation of the epidermal growth factor
receptor (EGFR) and downstream signaling through mitogen-activated protein kinase contribute to the
expression of various proinflammatory and angiogenic proteins involved in the pathogenesis of liver
cancer. These data suggest that sustained activation of EGFR in patients with chronic HCV infection
may be a mechanism by which HCV contributes to the pathogenesis of liver cancer[93].

To reduce the burden of global HCC, the global HCC management strategy[94] points out that four
major areas need to be improved: prevention of HBV and HCV infection; treatment of chronic hepatitis
B, hepatitis C, and liver disease; reduction in exposure to dietary and metabolic risk factors; and
improvement in the detection, diagnosis, and treatment of liver cancer. Three of them are related to the
prevention and treatment mechanisms of chronic hepatitis.

Population-wide prevention: Population-wide prevention includes universal coverage of the hepatitis
B vaccine, control of chronic viral hepatitis through antiviral therapy, and a reduction in environmental
and lifestyle-related risk factors[94]. Since the World Health Organization proposed a hepatitis B
immunization mid-course target trial for liver cancer prevention in 1983, 189 countries had introduced
hepatitis B vaccines into their national infant immunization programs by the end of 2019, with an
estimated 85% global coverage of three doses[1]. Increasing evidence showed that this large-scale
vaccination greatly reduces the burden of hepatitis B virus-related diseases. This campaign in China has
reduced the prevalence of new HBV infections by 90%. It will prevent approximately 2.8 to 3.5 million
HBV-related deaths in the future[95]. Mother-to-child transmission (MTCT) is the main route of HBV
transmission and its prevention is very important to eliminate HBV. Strengthening the standardized
management of pregnant women and their infants with chronic HBV infection is an effective measure to
eliminate HBV-MTCT[96]. There is evidence that antiviral therapy for pregnant women with a high
HBYV load in late pregnancy can reduce the risk of MTCT[97]. A population-based study in Taiwan
showed that the HCC incidence in a birth cohort without the hepatitis B vaccine was four times higher
than that in a birth cohort with the hepatitis B vaccine[98].

In addition to vaccination against HBV, screening for HBV and HCV in high-risk populations, and
universal access to medication for chronic hepatitis B and hepatitis C infection in infected patients will
reduce the burden of global liver cancer. Currently, there is no vaccine available to prevent HCV
infection. Direct-acting antiviral agents (DAAs) are short-course (8-12 wk) oral drugs[94,99]. The
emergence of DAAs as a new HCV drug with a high cure rate (> 95%) offers hope for the treatment of
chronic hepatitis C. At present, the impact of DAA treatment of HCV infection on HCC, tumor
recurrence, and progression has become a hot topic. Successful DAA treatment does seem to reduce the
risk of HCC, but studies have shown that DAAs may increase the risk of HCC recurrence after
treatment. Therefore, well-designed prospective multicenter studies are needed to fully characterize the
clinical effect of DAA treatment on the risk of HCC recurrence. The countries with the highest
prevalence of HCV are mainly low-income and middle-income countries, where a large proportion of
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infections occur in healthcare settings through unsafe injections and other invasive procedures.
Strengthening infection control through safety measures, such as screening blood transfusions,
preventing MTCT, and providing clean needles and medical facilities, is a key aspect of HCV control
[100]. Although viral therapy has been improved through DAA therapy, cases of HCV-induced HCC
are expected to increase at least until 2030[101]. The increase is mainly attributed to the increase in
chronic HCV infection before 1992 when HCV screening was implemented and the disease progressed
slowly[93]. People with known risk factors must be regularly monitored to detect early cancer lesions
(monitoring and final treatment). Early detection and diagnosis of HCC can significantly improve the
survival rate of patients.

For 400 million chronic HBV-infected patients, the hepatitis B vaccine is ineffective in preventing
HCCJ[102]. Increasing evidence shows that persistent HBV replication is an important risk factor for
HCC. For CHB patients, antiviral therapy to control viral replication may reduce the risk of HCC.
Interferon or nucleoside analogues are effective antiviral drugs to prevent disease progression to
cirrhosis and HCC[102]. Additionally, promoting a healthy diet and physical activity, reducing environ-
mental and lifestyle exposure, and preventing metabolic syndrome, nonalcoholic fatty liver disease, and
nonalcoholic steatohepatitis are ways to prevent HCC.

Targeted screening: Targeted screening includes early detection through HCC surveillance programs.
The current practice guidelines recommend regular HCC screening by ultrasonography every two years
for a-fetoprotein (AFP) in people with or without a clinically identifiable HCC risk above a certain
threshold[103]. A series of cohort studies and model-based simulation studies have shown that HCC
screening is cost-effective when more than 34% of high-risk patients can be screened for HCC, and is
associated with improved early cancer detection rates, cure rates, and survival rates[104,105]. Interna-
tional and national liver cancer management guidelines have also been developed[106]. Most liver
cancers found in China are advanced. Chinese experts have developed consensus guidelines for
secondary prevention[107] that provide guidelines for the prevention, monitoring, and early diagnosis
of primary liver cancer in patients with chronic liver disease. To improve the early diagnosis of liver
cancer. With the rise in big data and bioinformatics, predicting individual liver cancer risk is critical to
implementing effective and feasible liver cancer screening. At present, some studies have evaluated the
combination of existing clinical symptoms and laboratory variables to develop HCC risk prediction
scores. However, due to its limited performance, it has not been used in clinical practice[101]. New
serum/plasma biomarkers (such as tumor-associated antigens)[108,109] have been explored as possible
alternatives to AFP. To improve diagnostic performance, a comprehensive score combining serum
biomarkers and clinical variables has been proposed and is awaiting clinical validation for further
development and application.

Only a few people infected with HBV will continue to be infected, and the main determinant is the
age of first contact with the virus[109]. Approximately 90% of children born to carrier mothers are
infected, and perinatal infections are associated with about 90% of the risk of becoming carriers[110].
Infections are most common in children in Asia and many other parts of the Sahara and South Africa.
For example, in Gambia, 35 to 70% of children were found to be infected at the age of five[111]. The
prevalence among infected mothers in this population is much lower than that in China, but the chronic
infection rate in this population remains high because children are approximately 20-30% more likely to
become carriers after early infection. In contrast, the risk of becoming a carrier during adolescence or
adulthood is less than 10%. This model makes the choice of prevention more clearer, and primary
prevention of persistent infection must be carried out in the early life course[112].

Gastric cancer

GC remains a globally important malignant tumor, with more than one million new cases in 2020 and
an estimated one GC death in every 13 deaths[12]. Although GC is often reported as a single entity, it
can generally be divided into two topographical subsites: cardia GC and non-cardia GC. Since H. pylori
was found in 1982, it has been closely related to a variety of digestive system diseases[113]. H. pylori
infection is regarded as a risk factor for GC and is classified as a human class I carcinogen[114]. The
prevalence of H. pylori infection is extraordinarily high, infecting 50% of the world’s population[115],
and it mainly occurs in developing countries[116]. Moreover, less than 5% of infected hosts will develop
cancer, likely due to differences in bacterial genetics, host genetics, age of infection acquisition, and
environmental factors[117]. Based on world population data, the attributable fraction of noncardiac GC
attributable to H. pylori infection is 89%[12,118], and the burden varies widely among regions[119].

H. pylori infection can cause the gastric mucosa to be susceptible to atrophic gastritis, intestinal
metaplasia, dysplasia, and ultimately GC[120]. It is usually acquired in early life, followed by a long
quiescent period, when chronic gastritis of different intensities is present, and the symptoms are not
obvious[121]. Only 10%-15% of individuals with H. pylori infection will develop peptic ulcers, and it is
estimated that the risk of GC is approximately 5%[1]. Peptic ulcers tend to be chronic infections in 20 to
30 years old patients, and GC occurs decades later. Currently, studies on the pathogenesis of H. pylori
infection and GC are mainly classified into two main categories. One study found that H. pylori act on
gastric epithelial cells by releasing virulence factors, namely, CagA and its pathogenicity island and
VacA, which deregulates host intracellular signaling pathways and lowers the threshold for neoplastic
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transformation[116]. However, other related research has concentrated on H. pylori inducing inflam-
matory responses by recruiting circulating immune cells to the site of infection, which results in an
active inflammatory microenvironment. Tumor-infiltrating lymphocytes interact with tumor cells via
chemokines (IL-1, IL-6, IL-8, TNF-a, and TNF-B), inflammatory molecules, and matrix metallopro-
teinases to form an inflammatory network[122]. Overactivation of the NF-«B transcription factor and
dysregulation of JAK/STAT pathway is considered to be the classical pathways[123] in the progression
of H. pylori infection and GC-related research. These processes may play an important role in the
progression of gastritis and GC, but their key regulators are not fully defined.

A continuous decline in noncardia GC incidence and mortality worldwide has been observed in the
last half-century. However, due to the expected growing elderly population, the absolute number of
patients is increasing and remains an important global health problem[124]. After H. pylori infection in
early life, chronic gastritis develops slowly after the Correa cascade, i.e., chronic gastritis, atrophy,
intestinal metaplasia, intraepithelial neoplasia, and GC[125]. The extremely long interval (approx.
decades) of the developmental process offers us the chance to interrupt the carcinogenic cascade to
prevent GC. Multimodal primary secondary GC prevention relies on 4 main pillars: the eradication of
H. pylori infection, excellent endoscopies as “digitized eyes”, diagnostic reliability among pathologists, a

structured health care system, and clinical specialists familiar with the management of high-risk patients
[126].

Population-wide prevention: Prevention of GC includes the prevention and eradication of H. pylori
infection, lifestyle modification, and chemoprevention. Clinical studies have shown that children aged
6-15 years provided with an oral H. pylori vaccine compared to those one year after vaccination had
good protection against H. pylori infection with 71.8% prophylactic protection. From vaccine
experiments to clinical application, there is still a long way to go, and longer follow-up studies are still
needed to confirm its immune competence in the future[127]. Studies have suggested that the risk of
recurrent peptic ulcer, peptic ulcer-related adverse events, and GC increases significantly with
increasing latency to H. pylori eradication. All patients with peptic ulcers and confirmed H. pylori
infection should receive eradication therapy as soon as possible[128]. To reduce the incidence of GC and
related diseases, H. pylori eradication has begun nationwide in Japan and South Korea to save future
medical burdens[129]. The 2016 Japanese guidelines for the management of H. pylori infections suggest
the eradication of H. pylori in adolescence to control infections in the next generation[130]. Following H.
pylori eradication, genetic and epigenetic markers have shown promise in GC risk stratification, but
require further validation in prospective studies[124,131]. H. pylori eradication cannot regress all precan-
cerous lesions, which may depend on the extent and extent of precancerous lesions at the time of
eradication[132]. Once people are diagnosed with H. pylori infection, untreated infection will persist
throughout the patient’s lifetime[133]. Lifestyle changes early in life or the establishment of good
lifestyle habits and diets are adequate for low-risk individuals. Since the implementation of lifestyle
prevention recommendations such as improvements in the preservation and storage of food, adequate
hygienic housing, and the consumption of fresh vegetables and fruits, GC incidence has decreased
substantially[134]. H. pylori eradication has been evaluated as a form of chemoprevention of GC by
antimicrobial therapy with additional administration of NSAIDs, such as aspirin[135]. Chronic inflam-
matory mediators may serve as potential therapeutic targets for the prevention of GC[121]. Currently,
there are no global guidelines for the management of H. pylori infection, but consensus guidelines for
the management of H. pylori have been successively developed from region to region[136-139].

Targeted screening: Targeted screening includes the screening and treatment of precancerous lesions.
Screening for timely detection and treatment of these epithelial tissue changes is equally important to
prevent[123] in addition to the eradication of H. pylori infection. Selecting the most effective timing of
screening and intervention has important effects on tissue gastric carcinogenesis[140]. Recently,
guidelines related to GC screening have been developed in some countries such as China and the
United Kingdom[124,141,142]. The statement of the Kyoto Consensus report[130] suggested that after
the age of 12 in the infected area, the screening and treatment of infection should start to prevent the
subsequent occurrence of precancerous lesions such as atrophy and intestinal metaplasia. The latest
guidelines in China set the age for the start of screening at 45 for high-risk populations[142]. The
screening interval should be formulated according to the disease burden, medical level, and social and
economic conditions of GC in each region. The screening and treatment of H. pylori infection have
potential cost-effectiveness to prevent GC, especially in the target high-risk population[143].

Studies need to explore effective interventions to eliminate infection and inflammation in pediatric
populations. Some studies have introduced a third new family-based H. pylori eradication strategy[130,
144] and this method can control H. pylori infection in family members and reduce the long-term
complications by screening, identifying, treating, and tracking all H. pylori infected persons in the whole
family[145]. In the long run, it is difficult to control H. pylori infection from the source due to the
dynamic and gradual nature of the infection, thus increasing the medical burden in the later stage of the
disease. However, a family-based eradication strategy will help solve the above problems. The 2016 H.
pylori infection management guidelines revised in Japan (2019) suggested that individuals should
receive eradication treatment before becoming parents to prevent infection within the family and
transmission to the next generation[130]. The 2018 Bangkok Consensus report[144] states that it is
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recommended to receive screening and treatment for families of GC patients. These guidelines reflect
that control of family infection is important to prevent H. pylori-induced diseases. Regular follow-up
home treatment should be used to detect the infection status of children as soon as possible once parents
are diagnosed with infection. Eliminating the risk factors or early life infection plays a key role in
preventing gastric tumor genesis.

CONCLUSION

The prevention and control of chronic inflammation is count for much of the malignant digestive system
tumor genesis. The whole life course management of human health is of great significance in combating
chronic inflammation to prevent the occurrence of DSMTs. This article summarized the prevention
strategies for DSMTs and their overall implementation based on the prevention or control of chronic
inflammation. Although we have an understanding of the research status of chronic inflammation and
DSMTs, we still have some questions to answer in the future. For example, how long is the interval
between colonoscopy and screening, and how can interval cancer be prevented? Does DAA therapy
play a role in the prevention of HCC? How can drug resistance and reinfection be avoided after
eradication of H. pylori infection? Health education on cancer prevention knowledge still needs to be
continued. The higher the disease awareness rate of people is, the greater the success in disease control.
Cancer prevention should be given attention throughout the life course, especially in early life. Control
and intervention related to infection and modifiable lifestyle changes in the early life course play an
important role in cancer prevention.
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