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Abstract: Objectives: Gastrointestinal cancers, including gastric cancer, colorectal cancer (CRC), and liver cancer, 
represent a major global health burden. This review aims to provide an integrated overview of their epidemiology, 
risk factors, molecular mechanisms, diagnostic approaches, and therapeutic strategies, while highlighting recent 
advances and ongoing challenges. Methods: A comprehensive review of recent literature was conducted to synthe-
size current evidence on genetic alterations, environmental and lifestyle risk factors, infectious agents such as Heli-
cobacter pylori, hepatitis B virus (HBV), and hepatitis C virus (HCV), as well as advances in screening, diagnosis, and 
treatment. Results: Gastrointestinal cancers arise from complex interactions among genetic, environmental, and 
lifestyle-related factors. Recent progress in molecular profiling and biomarker discovery has improved understand-
ing of tumor biology and enabled targeted and immune-based therapies. However, clinical benefits remain variable 
due to tumor heterogeneity, therapeutic resistance, and limitations in biomarker reliability. Conclusions: Despite 
significant advances, gastrointestinal cancers remain challenging to manage due to late diagnosis and inconsistent 
treatment responses. Future efforts should focus on improving early detection, developing robust biomarkers, and 
implementing integrated, precision-based therapeutic strategies.
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Introduction

Cancer remains one of the leading causes of 
morbidity and mortality worldwide, with its inci-
dence increasing due to population aging and 
the rising prevalence of lifestyle-related risk 
factors such as obesity, smoking, and physical 
inactivity [1, 2]. 

Among the various malignancies, gastrointesti-
nal cancers account for a substantial propor-
tion of global cancer incidence and mortality. 
These cancers arise in organs of the digestive 
system, including the stomach, colon, rectum, 
and liver. In particular, gastric cancer, colorec-
tal cancer, and liver cancer are among the most 
prevalent gastrointestinal malignancies and 
remain major causes of cancer-related death 
worldwide. Colorectal cancer is one of the most 
commonly diagnosed cancers globally and is 
associated with substantial morbidity and mor-

tality [3, 4]. Gastric cancer continues to repre-
sent a significant global health problem with 
more than one million new cases reported 
annually, particularly in East Asian populations 
[1]. Similarly, liver cancer, most commonly he- 
patocellular carcinoma (HCC), is a major con-
tributor to cancer-related mortality and is str- 
ongly associated with chronic liver diseases 
and viral infections [5].

The development of gastrointestinal cancers is 
a complex and multifactorial process involving 
interactions between genetic susceptibility, 
environmental exposures, infectious agents, 
and lifestyle-related factors. Chronic infections 
such as Helicobacter pylori play a major role in 
the development of gastric cancer, while hepa-
titis B virus (HBV) and hepatitis C virus (HCV) 
infections are important risk factors for hepato-
cellular carcinoma [6]. In addition, lifestyle fac-
tors including diet, alcohol consumption, smok-
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ing, obesity, and physical inactivity have been 
identified as important contributors to the 
development and progression of colorectal and 
other gastrointestinal cancers [7].

Advances in biomedical research have signifi-
cantly improved the understanding of the 
molecular mechanisms underlying gastrointes-
tinal carcinogenesis. These advances have 
also facilitated the development of improved 
diagnostic techniques and therapeutic strate-
gies, including minimally invasive surgical 
approaches, chemotherapy, targeted therapy, 
and immunotherapy [1, 8]. Furthermore, early 
detection through screening programs and 
improved diagnostic technologies has played 
an important role in reducing mortality associ-
ated with certain gastrointestinal cancers, par-
ticularly colorectal cancer [9].

Recent studies have emphasized the impor-
tance of integrating key oncogenic signaling 
pathways and tumor microenvironment interac-
tions in gastrointestinal carcinogenesis. Central 
pathways such as Wnt/β-catenin, TP53, and 
KRAS signaling are frequently dysregulated 
across gastric, colorectal, and liver cancers, 
contributing to tumor initiation and progression 
[4, 11, 12]. In parallel, interactions between 
tumor cells and the surrounding microenviron-
ment, including immune cells and inflammatory 
mediators, play a critical role in disease pro-
gression and therapeutic response. Incorpora- 
ting these mechanistic insights is essential for 
advancing precision oncology approaches.

Importantly, while these cancers share com-
mon oncogenic mechanisms such as TP53 
mutations, dysregulated Wnt/β-catenin signal-
ing, and aberrant growth factor pathways, they 
also exhibit substantial biological heterogene-
ity and disease-specific drivers. Moreover, sev-
eral unresolved challenges persist, including 
variability in biomarker performance, resis-
tance to targeted and immunotherapies, and 
disparities in early detection strategies across 
populations. Therefore, a critical and integra-
tive evaluation of recent progress is essential 
to identify gaps and guide future research 
directions.

Gastric cancer

Gastric cancer remains a significant and chal-
lenging clinical issue, with more than 1 million 

new cases reported worldwide in 2018. It ranks 
as the fourth most frequently diagnosed cancer 
in men and the seventh most commonly diag-
nosed cancer in women. A substantial portion 
of gastric cancer cases is associated with vari-
ous pathogenic infections, including but not 
limited to Helicobacter pylori (H. pylori) and 
Epstein Barr virus (EBV). Efforts are underway 
to prevent the development of gastric cancer, 
and strategies such as the eradication of H. 
pylori have proven effective in preventing a sig-
nificant proportion of gastric cancer cases. 
Presently, treatments have advanced and  
have led to better management of this disease. 
For example, the 5-year survival rates for 
patients with stage IA and IB tumors who under-
go surgery range between 60% and 80%. 
However, the prognosis becomes much less 
favorable for patients with stage III tumors who 
undergo surgery, with 5-year survival rates 
ranging from 18% to 50% depending on the 
dataset. These statistics underscore the press-
ing need for more effective treatment strate-
gies driven by molecular insight to improve the 
outcomes for individuals affected by gastric 
cancer [1]. However, the overall survival remains 
relatively short, especially in advanced cases. 
The field of molecular research in gastric can-
cer has led to the development of new targeted 
therapies. One notable success in targeted 
treatment is Trastuzumab, an antibody that tar-
gets the human epidermal growth factor recep-
tor 2 (HER2). Trastuzumab has shown signifi-
cant improvements in survival for advanced 
gastric cancer patients with HER2 overexpres-
sion. Second-line treatment options have also 
emerged. Ramucirumab, an antibody that tar-
gets VEGFR-2 (vascular endothelial growth fac-
tor receptor 2), either alone or in combina- 
tion with paclitaxel, has demonstrated benefi-
cial effects in treating advanced gastric can- 
cer. Apatinib, a VEGFR-2 tyrosine kinase in- 
hibitor, has shown promise in improving the 
survival of advanced gastric cancer patients 
who have experienced second-line chemother-
apy failure. However, it’s important to note  
that some targeted therapies, such as EGFR 
(epidermal growth factor receptor)-targeting 
antibodies (cetuximab or panitumumab), VEGF 
(vascular endothelial growth factor)-target- 
ing monoclonal antibodies (bevacizumab), m- 
TOR, and drugs targeting the HGF/MET path-
way, have not demonstrated significant survi- 
val benefits in gastric cancer treatment. On- 
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going clinical trials based on molecular mark-
ers continue to explore avenues for improved 
treatment options for gastric cancer patients 
[6, 8].

In recent years, advances in molecular clas- 
sification have identified distinct subtypes of 
gastric cancer, including Epstein-Barr virus 
(EBV)-positive, microsatellite instability (MSI)-
high, genomically stable, and chromosomal 
instability subtypes. These classifications ha- 
ve improved patient stratification and guided 
targeted therapies such as human epidermal 
growth factor receptor 2 (HER2). However,  
clinical benefits remain limited to selected  
subgroups, and resistance to targeted agents 
continues to be a major challenge. Further- 
more, although immune checkpoint inhibitors 
have shown promise, their efficacy is highly 
variable, highlighting the need for reliable pre-
dictive biomarkers and combination strate- 
gies.

Molecular mechanisms and biomarkers

Recent translational research has significantly 
improved the understanding of gastric cancer 
biology. Several molecular alterations have 
been identified, including HER2 amplification, 
MET activation, FGFR2 overexpression, and 
mutations in TP53 and CDH1 genes. These 
molecular alterations play important roles in 
tumor development, progression, and thera-
peutic response. In addition, biomarkers such 
as HER2 overexpression have enabled the 
development of targeted therapies including 
trastuzumab, which has demonstrated survi- 
val benefits in patients with HER2-positive 
advanced gastric cancer [1, 8].

Targeted therapy and immunotherapy

Translational oncology research has also led to 
the development of targeted therapies and 
immunotherapy for gastric cancer. Agents tar-
geting vascular endothelial growth factor recep-
tors (VEGFR), such as ramucirumab and apa-
tinib, have shown promising results in clinical 
trials. Furthermore, immune checkpoint inhibi-
tors targeting programmed cell death protein 1 
(PD-1) and programmed death-ligand 1 (PD-L1) 
are emerging therapeutic options, particularly 
for patients with advanced gastric cancer who 
exhibit high microsatellite instability or PD-L1 
expression [6-8].

Colorectal cancer

This includes both colonic and rectal cancer, 
which affect the large intestine. In all realms of 
clinical practice and research, colon cancer 
(CC) and rectal cancer (RC) are commonly 
regarded as a single tumor entity, collectively 
referred to as colorectal cancer (CRC). This des-
ignation of CRC is based on three distinct fac-
tors. First, it stems from the hypothesis that CC 
and RC originate within the large intestine, 
which is considered a unified organ. Second, it 
draws from the shared anatomical structure of 
the colonic and rectal walls, encompassing 
similar layers such as the mucosa, muscular 
layer, and, to some extent, the serosa, as well 
as their comparable histological characteris-
tics. Lastly, it is influenced by the analogous 
functions performed by the colorectal tract, 
including tasks like stool concentration, fluid 
absorption, stool transportation, and excretion. 
In terms of statistics, CC accounts for 72% of 
cases, while RC represents 28% of all CRCs [3, 
10]. However, it’s common to present statistics 
for CRC as a whole.

CRC comprises adenocarcinoma of the colon 
and rectum. It is characterized by the transfor-
mation of normal colonic and rectal epithelium 
into a precancerous lesion (adenomatous inter-
mediate), which eventually progresses to inva-
sive carcinoma (adenocarcinoma). This inva-
sive stage may lead to the development of 
metastatic lesions, with the liver being the 
most frequently affected organ. This complex 
process necessitates the accumulation of 
genetic mutations, which can be either somatic 
(acquired) or germline (inherited) over a period 
of 10-15 years [4]. This concept, often referred 
to as ‘colorectal carcinogenesis’, involves a 
multistep genetic progression in which various 
gene mutations accumulate during the transi-
tion from normal colorectal epithelium to ade-
noma and, ultimately, invasive carcinoma [11]. 
Number of colorectal cancer patients and 
deaths is given in Table 1.

Molecular pathways in colorectal carcinogen-
esis

Colorectal carcinogenesis involves a multistep 
accumulation of genetic and epigenetic altera-
tions. The well-characterized pathways include 
the chromosomal instability pathway, microsat-
ellite instability pathway, and CpG island meth-
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Table 1. Incidence and mortality of colorectal cancer in selected 
countries

Country Male cases Male deaths Female 
cases

Female 
deaths

Hungary 5,502 2,730 4,291 2,150
Slovakia 2,853 1,450 1,968 1,134
Slovenia 1,297 - - -
Portugal 6,418 - - -
Croatia 2,230 1,362 - 958
Latvia 854 - 891 -
Netherlands 9,651 - 7,364 -
Spain 24,610 - - -
Japan 81,296 - 67,209 -
Denmark 3,155 - 2,614 -
Norway - - 2,423 933
New Zealand - - 1,603 -
United Kingdom - - 23,234 -
Australia - - 7,550 -
Note: “-” indicates data not available. Source: Adapted from global cancer statistics 
databases (e.g., GLOBOCAN).

ylator phenotype. Mutations in key oncogenes 
and tumor suppressor genes such as APC, 
KRAS, TP53, and BRAF play central roles in 
tumor initiation and progression. These molec-
ular insights have provided opportunities for 
targeted therapy and precision oncology 
approaches in colorectal cancer management 
[4, 11].

In colorectal cancer, aberrant activation of the 
Wnt/β-catenin pathway, driven primarily by APC 
mutations, represents an early and critical 
event in tumorigenesis [4, 11]. Subsequent 
mutations in KRAS and BRAF further promote 
tumor progression through activation of down-
stream signaling pathways, including MAPK 
and PI3K/AKT pathways. Loss of TP53 function 
contributes to genomic instability and malig-
nant transformation. Furthermore, interactions 
with the tumor microenvironment, including 
immune cell infiltration and inflammatory sig-
naling, play an important role in disease pro-
gression and response to therapy.

Targeted therapy in colorectal cancer

Advances in translational research have facili-
tated the development of targeted therapies 
for metastatic colorectal cancer. Agents target-
ing epidermal growth factor receptor (EGFR), 
including cetuximab and panitumumab, have 

demonstrated clinical benefits 
in patients with RAS wild-type 
tumors. Additionally, inhibitors 
of vascular endothelial growth 
factor (VEGF), such as bevaci-
zumab, are widely used in 
combination with chemother-
apy to improve treatment out-
comes [1, 6, 8].

Recent progress in colorectal 
cancer research has focus- 
ed on molecular stratification, 
particularly the distinction bet- 
ween microsatellite instabili- 
ty (MSI) and microsatellite sta-
ble (MSS) tumors, which has 
significant implications for im- 
munotherapy response. While 
immune checkpoint inhibitors 
have demonstrated remark-
able efficacy in MSI-high tu- 
mors, the majority of patients 

with MSS tumors derive limited benefit, repre-
senting a major unresolved clinical challenge. 
In addition, resistance to targeted therapies 
due to KRAS, NRAS, and BRAF mutations con-
tinues to limit treatment effectiveness, empha-
sizing the need for more comprehensive preci-
sion medicine approaches.

Liver cancer

Liver cancer can result from chronic liver dis-
ease or infection with hepatitis B or C. Liver 
cancer ranks as the sixth most prevalent can-
cer on a global scale. Specifically, it stands as 
the fifth most common cancer among men and 
the ninth most common cancer among women. 
In the year 2020, there were an excess of 
900,000 newly diagnosed cases of liver can-
cer. The incidence and mortality rates of liver 
cancer have seen a decline in certain Eastern 
Asian countries like Japan, China, and the 
Republic of Korea. However, rates have wit-
nessed an increase in many countries across 
the world that previously had low incidence 
rates. This includes countries such as the 
United States, Australia, and several European 
nations. Table 2 depicts the ten countries with 
both the highest incidence rates of liver cancer 
and deaths in the year 2020 [5]. Liver cancer 
continues to be a significant global health chal-
lenge, with its incidence on the rise worldwide. 
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It is estimated that by the year 2025, over 1 
million individuals will be affected by liver can-
cer annually. Hepatocellular carcinoma (HCC) is 
the most prevalent form of liver cancer, ac- 
counting for approximately 90% of cases. One 
of the primary risk factors for the development 
of HCC is hepatitis B virus (HBV) infection, 
which is responsible for about 50% of cases. 
The risk associated with hepatitis C virus (HCV) 
infection has notably decreased due to the  
successful achievement of sustained virologi-
cal response (SVR) through antiviral medica-
tions. However, individuals with cirrhosis are 
still considered to be at a high risk for the inci-
dence of HCC even after clearing the HCV infec-
tion [12].

Liver cancer ranks as the sixth most common 
cancer worldwide, with a total of 841,080 new 
cases reported in 2018. It also stands as the 
fourth leading cause of cancer-related deaths 
globally, as illustrated in Figure 1 [13]. Expo- 
sure to aflatoxins, toxic substances produced 
by certain molds that can contaminate food, is 
a risk factor in some regions. Liver cancer can 
remain asymptomatic in its early stages, mak-
ing early detection challenging. As it progress-
es, symptoms may include abdominal pain, 
jaundice (yellowing of the skin and eyes), unex-
plained weight loss, fatigue, and loss of appe-
tite. Diagnosing liver cancer typically involves 

may be used to slow the cancer’s progression 
[14]. The prognosis for liver cancer varies 
depending on the stage at diagnosis. Early 
detection and intervention can improve out-
comes. Unfortunately, liver cancer is often diag-
nosed at advanced stages, which limits treat-
ment options and reduces survival rates. 
Preventing liver cancer involves reducing risk 
factors such as hepatitis B and C infections, 
alcohol abuse, obesity, and exposure to aflatox-
ins. Hepatitis B vaccination, antiviral treat-
ments, and lifestyle modifications can help pre-
vent liver cancer in high-risk individuals. In 
conclusion, liver cancer is a challenging dis-
ease with a significant global impact. Under- 
standing its risk factors, early detection, and 
advances in treatment modalities are essential 
for addressing this growing health concern 
[15].

Recent therapeutic advances, including the 
introduction of tyrosine kinase inhibitors and 
immune checkpoint inhibitors, have improved 
outcomes in advanced hepatocellular carcino-
ma. Combination therapies, such as anti-VEGF 
agents with immunotherapy, have shown 
encouraging results in recent clinical trials. 
However, treatment responses remain incon-
sistent, partly due to underlying liver disease 
and tumor heterogeneity. Additionally, early 
detection remains a major limitation, as most 

Table 2. Incidence and mortality of liver cancer in selected coun-
tries

Country Male cases Male deaths Female 
cases

Female 
deaths

Mongolia 1,279 1,187 957 873
Egypt 18,145 17,211 9,750 9,312
Laos 888 833 384 359
Cambodia 2,080 1,952 1,062 994
China 302,598 288,127 - -
Thailand 18,268 17,895 9,126 8,809
Guam 26 - - -
Vietnam 20,256 19,420 - -
Gambia 196 189 - -
Guinea 739 735 673 669
Papua New Guinea - - 311 303
Liberia - - 178 178
Guinea-Bissau - - 69 69
Guatemala - - 1,017 974
Note: “-” indicates data not available. Source: Global liver cancer incidence and 
mortality data (e.g., GLOBOCAN database).

imaging studies like ultra-
sound, CT scans, or MRI sc- 
ans. A definitive diagnosis is 
often made by analyzing a  
tissue sample obtained thr- 
ough a biopsy. Surgical resec-
tion or liver transplantation 
may be considered if the can-
cer is confined to a specific 
part of the liver and the pa- 
tient is a suitable candidate. 
Procedures like radiofrequen-
cy ablation (RFA) and micro-
wave ablation (MWA) can 
destroy small liver tumors. 
Transarterial Chemoemboliza- 
tion (TACE) technique delivers 
chemotherapy directly to the 
tumor by the hepatic artery 
while blocking its blood sup-
ply. For advanced cases, sys-
temic treatments like targeted 
therapy and immunotherapy 
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cases are diagnosed at advanced stages, 
underscoring the need for improved surveil-
lance strategies and biomarker development.

Molecular pathogenesis of hepatocellular 
carcinoma

Hepatocellular carcinoma is characterized by 
complex interactions between oncogenic sig-
naling pathways and chronic inflammatory 
microenvironments. Activation of the Wnt/β-
catenin pathway and TP53 mutations are 
among the most frequently observed molecular 
alterations [12]. Chronic liver injury caused by 
HBV or HCV infection promotes a pro-tumori-
genic microenvironment through persistent 
inflammation, fibrosis, and immune dysregula-
tion, thereby facilitating tumor initiation and 
progression.

Emerging therapeutic approaches

Recent translational research has resulted in 
the development of novel systemic therapies 
for advanced HCC. Targeted therapies such as 
sorafenib and lenvatinib have demonstrated 
improved survival in patients with advanced 
liver cancer. Furthermore, immune checkpoint 
inhibitors including nivolumab and pembroli-
zumab are being investigated as promising 

treatment options in combination with targeted 
therapies.

Risk factors for gastrointestinal cancers

Several environmental, lifestyle, and biologi- 
cal factors contribute to the development of 
gastrointestinal cancers, particularly colorec-
tal, gastric, and liver cancers. Among these, 
obesity, physical inactivity, smoking, alcohol 
consumption, aging, and certain chronic dis-
eases have been consistently associated with 
increased cancer risk (Figure 2).

Physical activity

Physical activity has been widely investigated 
in relation to colorectal cancer risk. Numerous 
cohort and case-control studies have demon-
strated an inverse association between physi-
cal activity and colon cancer incidence across 
different populations and demographic groups 
[16]. Higher levels of physical activity have 
been associated with a 10-60% reduction in 
colon cancer risk, even after adjustment for 
confounding factors such as age, diet, and obe-
sity [17]. Physical activity may exert protective 
effects by reducing inflammation, improving 
metabolic regulation, and limiting abnormal 
epithelial cell proliferation in the colon.

Figure 1. Schematic representation of key molecular pathways involved in gastrointestinal cancers. Dysregulation 
of Wnt/β-catenin signaling, TP53 pathway, EGFR/VEGF signaling, and chronic inflammation collectively contribute 
to tumor growth, metastasis, and therapeutic resistance.
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Figure 2. Integrated framework of gastrointestinal cancer development. A: Major environmental, lifestyle, and infectious risk factors associated with gastrointestinal 
cancers. B: Key molecular mechanisms, including genetic alterations, chronic inflammation, epigenetic changes, and dysregulated signaling pathways. C: Interac-
tion of molecular pathways driving tumor initiation, progression, and therapeutic resistance. D: Organ-specific development of gastric, colorectal, and liver cancers 
based on distinct etiological drivers.
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Obesity and diet

Obesity is a well-established risk factor for 
colorectal cancer. Epidemiological studies con-
sistently show that increased body mass index 
(BMI) and abdominal adiposity are associated 
with higher colorectal cancer risk, particularly 
in men [18]. Excess body fat contributes to  
carcinogenesis through chronic inflammation, 
insulin resistance, and altered hormonal signal-
ing. Dietary patterns also influence colorectal 
cancer risk. High consumption of red and pro-
cessed meats has been associated with in- 
creased risk, potentially due to the presence of 
heme iron and the formation of carcinogenic 
N-nitroso compounds during digestion [19, 20].

Tobacco smoking

Tobacco smoking is another important lifestyle 
risk factor for colorectal cancer. Studies have 
demonstrated associations between smoking 
and the development of colorectal adenoma-
tous polyps, which are considered precursors 
of colorectal cancer [21]. Recent research has 
reported elevated odds ratios for hyperplastic 
and adenomatous polyps among smokers, fur-
ther supporting the role of tobacco exposure in 
colorectal carcinogenesis [7].

Age and gender

Age is one of the strongest determinants of 
colorectal cancer risk. Approximately 90% of 
colorectal cancer cases occur in individuals 
older than 50 years. Incidence rates increase 
significantly after the age of 40 and are gener-
ally higher in men than in women across many 
regions worldwide [22, 23]. Population-based 
studies in Asian countries have also demon-
strated increasing colorectal cancer incidence 
with longer life expectancy and aging popu- 
lations.

Alcohol consumption

Alcohol consumption has been classified as 
carcinogenic to humans by the International 
Agency for Research on Cancer (IARC). Exce- 
ssive alcohol intake has been linked to several 
cancers, including colorectal and liver cancers 
[24]. Epidemiologic studies indicate a dose-
response relationship between alcohol con-
sumption and cancer risk, with heavy drinkers 
showing significantly higher risk compared with 
non-drinkers.

Chronic diseases

Certain chronic diseases, including diabetes 
mellitus, hypertension, and cardiovascular dis-
ease, have also been associated with increa- 
sed colorectal cancer risk. Studies conducted 
in several countries have reported higher 
colorectal cancer incidence among individuals 
with diabetes and other metabolic disorders, 
likely due to metabolic dysregulation, chronic 
inflammation, and shared lifestyle risk factors 
[25].

Prevention and management strategies of 
cancer

Recent research suggests that aspirin and 
other nonsteroidal anti-inflammatory medi-
cines (NSAIDs) may have a role in reducing the 
risk of developing gastric cancer (GC). Multiple 
meta-analyses of observational studies have 
indicated a lower incidence of both cardia and 
non-cardia gastric cancer associated with 
NSAID use. However, there are some distinc-
tions to note. For instance, while some studies 
have shown an inverse correlation with non-
cardia gastric cancer but not cardia gastric can-
cer, there are differences in the observed 
effects. In general, aspirin use has been found 
to be inversely associated with various forms of 
gastric cancer in the most recent meta-analy-
ses. These meta-analyses encompassed 13 
and 15 studies, respectively, and included both 
case-control and cohort studies. However, 
these examinations did not yield specific find-
ings for the detailed sub-sites of gastric cancer. 
Despite the promising findings, a pooled analy-
sis of seven clinical studies that investigated 
the use of daily aspirin for the prevention of 
vascular events did not demonstrate a reduced 
risk of gastric cancer-related deaths when com-
pared to the control group. This raises ques-
tions and highlights the need for further re- 
search to better understand the relationship 
between aspirin use and gastric cancer risk. 
Recent meta-analyses have indicated that tak-
ing statins may potentially reduce the incidence 
of gastric cancer (GC) by up to 30% [26]. 
However, it’s important to note that when outli-
er results were eliminated from the analysis, 
the risk reduction was around 15%, and the 
outcomes were consistent across different tri-
als. Interestingly, statin use has also been 
associated with a reduced risk of other malig-
nancies, such as esophageal adenocarcinoma. 
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Several mechanisms have been proposed to 
explain this phenomenon. It’s crucial to empha-
size that statins do not consistently show a 
lower risk for all types of cancer incidence or 
mortality, especially in randomized studies. 
This highlights the need for further research to 
fully comprehend the potential connection 
between statin use and a reduced risk of gas-
tric cancer.

More studies are necessary to explore and 
understand the complexities of this relation-
ship [27]. The effective control of HBV replica-
tion through antiviral treatment and the wide-
spread vaccination against HBV have resulted 
in a decrease in the incidence of hepatocellular 
carcinoma (HCC) [28]. Similarly, the high suc-
cess rate of HCV treatment using direct-acting 
antiviral (DAA) therapy has led to a reduction in 
the incidence of HCC in individuals with chronic 
HCV infection. However, there is limited evi-
dence regarding the impact of alcohol cessa-
tion or the reversal of non-alcoholic fatty liver 
disease (NAFLD) on the risk of HCC. Some stud-
ies have explored various therapies, such as 
vitamin A, vitamin K, and retinol analogues, for 
the chemoprevention of HCC. Currently, there is 
growing interest in the potential role of metfor-
min, statins, coffee, and aspirin in preventing 
HCC, regardless of the underlying liver disease. 
Although statins have been extensively studied 
for repurposing in various medical conditions, 
controlled trials have not provided conclusive 
evidence of a decreased incidence of HCC with 
statin use. In contrast, aspirin has shown mod-
est benefits with limitations due to resistance 
in HCC prevention. For instance, data from 
nationwide Swedish registries indicated that 
aspirin use reduced the estimated cumulative 
incidence of HCC from 8% to 4% after a median 
follow-up of 8 years. Several cohort and case-
control studies have also demonstrated a 
dose-dependent relationship between coffee 
consumption and a reduced incidence of HCC 
in both the general population and individuals 
with chronic liver disease [29]. Metastatic gas-
tric cancer (GC) cases often manifest in various 
areas of the stomach mucosa following the 
endoscopic removal of the primary tumor. A 
multicenter study on metachronous stomach 
tumors subsequent to endoscopic resection 
revealed that the elimination of Helicobacter 
pylori significantly reduces the risk of develop-
ing new GC, especially among individuals 
already at high risk. This study also found that 

patients with intestinal metaplasia (IM) and 
mucosal atrophy benefit from H. pylori eradi- 
cation. However, contrasting findings from 
other investigations suggest that H. pylori re- 
moval is protective against stomach cancer 
only for individuals without IM or gastric muco-
sal atrophy.

Retrospective analysis of individuals with early 
GC who underwent endoscopic resection and 
developed metachronous GC indicated that the 
group that retained H. pylori had a higher can-
cer risk compared to the group where the infec-
tion was eradicated. Additionally, Kato et al. 
[30] conducted a separate study demonstrat-
ing that effective H. pylori eradication reduces 
the risk of patients developing metachronous 
stomach cancer after endoscopic resection 
and significantly lowers cancer rates in the 
eradicated group compared to the control 
group. Several studies also indicate that H. 
pylori eradication can effectively slow the pro-
gression of stomach mucosal lesions in the 
precancerous stage. Furthermore, it may have 
the potential to completely suppress latent 
tumors, including those too small to be detect-
ed by endoscopy, while also delaying tumor 
growth. Overall, H. pylori infection is strongly 
associated with the development and progres-
sion of stomach cancer [31]. Table 3 shows the 
gastric screening programs use in different 
countries [9].

Numerous studies have provided evidence that 
second-line chemotherapy, involving agents 
like taxane or irinotecan, offers a survival 
advantage compared to best supportive care 
(BSC) in patients with adequate performance 
status (PS) [32]. Furthermore, the effective-
ness of the monoclonal antibody ramuciru- 
mab, which targets vascular endothelial growth 
factor receptor-2 (VEGFR-2), has been estab-
lished through randomized phase III trials  
such as REGARD and RAINBOW. Consequently, 
all major guidelines recommend second-line 
chemotherapy regimens that include single 
agents like taxane, irinotecan, or ramucirumab 
[33].

The major risk factors associated with gastroin-
testinal cancers vary depending on the specific 
cancer type but often involve a combination of 
infectious agents and lifestyle-related factors. 
Gastric cancer is strongly associated with H. 
pylori infection, smoking, and dietary habits 
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Table 3. Gastric cancer screening programs implemented in selected countries
Country Screening program Screening technique Implementation details
Japan Nationwide gastric cancer screening program 

established since the 1960s; treatment for  
Helicobacter pylori infection is supported but  
routine screening is not universally implemented.

Photofluorography  
following barium meal

National screening program 
initiated in 1960 to facilitate early 
detection of gastric cancer.

South Korea Nationwide screening program combining upper 
gastrointestinal endoscopy and photofluorography.

Upper endoscopy and 
photofluorography

Integrated screening strategy 
designed to improve early detection 
rates of gastric cancer.

Kazakhstan Biannual upper endoscopy screening for  
esophageal and gastric malignancies.

Upper endoscopy Program initiated in 2013 in six 
regions with plans for nationwide  
expansion. Implementation 
structure may require further 
alignment with organized screening 
standards.

Source: Adapted from gastric cancer screening studies (e.g., Pasechnikov et al., 2014).

Table 4. Major risk factors of gastrointestinal cancers
Cancer type Major risk factors
Gastric cancer Helicobacter pylori infection, smoking, high salt diet
Colorectal cancer Obesity, sedentary lifestyle, red meat consumption
Liver cancer HBV infection, HCV infection, alcohol abuse

such as high salt intake. Colorectal cancer is 
commonly linked to lifestyle factors including 
obesity, sedentary behavior, and high con-
sumption of red or processed meat. In con- 
trast, liver cancer is primarily associated with 
chronic viral infections, particularly HBV and 
HCV, as well as excessive alcohol consumption. 
Understanding these risk factors is essential 
for developing effective prevention strategies 
and promoting early detection of gastrointesti-
nal cancers (Table 4).

Tumor microenvironment and immune regula-
tion

The tumor microenvironment plays a central 
role in gastrointestinal cancer progression and 
therapeutic response. It consists of immune 
cells, stromal components, cytokines, and ex- 
tracellular matrix elements that interact dynam-
ically with tumor cells. Chronic inflammation is 
a key driver of carcinogenesis, particularly in 
gastric and liver cancers, where persistent 
infection and tissue injury promote a pro-tumor-
igenic environment [6, 12].

Immune evasion is another hallmark of gastro-
intestinal cancers, mediated in part through 
immune checkpoint pathways such as pro-
grammed cell death protein 1 (PD-1) and its 
ligand PD-L1. Immune checkpoint inhibitors 

have demonstrated clinical 
benefit in selected patient 
populations, including micro-
satellite instability-high colo- 
rectal cancer and subsets of 
gastric and liver cancers [6-8]. 
However, responses remain 

variable, highlighting the need for improved  
biomarkers and combination therapeutic str- 
ategies.

Integrative perspective on gastrointestinal 
cancers

The development of gastrointestinal cancers is 
driven by a complex interplay of environmental, 
lifestyle, and infectious risk factors that acti-
vate multiple molecular pathways. As illustrat-
ed in Figure 2, these factors contribute to 
genetic alterations, chronic inflammation, epi-
genetic changes, and dysregulated signaling 
pathways, ultimately leading to tumor initiation 
and progression.

However, important differences also exist. 
Gastric cancer is strongly associated with H. 
pylori infection and molecular subtypes such  
as HER2-positive disease. Colorectal cancer 
progression follows a well-defined adenoma-
carcinoma sequence, whereas liver cancer is 
closely linked to chronic liver disease and cir-
rhosis. These distinctions highlight the need for 
both shared and cancer-specific therapeutic 
strategies.

This integrative perspective underscores the 
importance of developing unified frameworks 
that combine molecular biology, clinical cha- 
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Table 5. Comparative overview of gastric, colorectal, and liver cancers, highlighting key risk factors, 
molecular mechanisms, diagnostic approaches, therapeutic strategies, and major clinical challenges

Cancer type Key risk factors Major molecular  
alterations/pathways

Diagnostic  
approaches

Current therapeutic  
strategies Key challenges

Gastric cancer Helicobacter 
pylori infection, 
high-salt diet, 
smoking

HER2 amplification, 
TP53 mutation, MET 
activation, VEGF pathway

Endoscopy with 
biopsy, imaging (CT/
MRI), biomarkers

Surgery, chemotherapy,  
targeted therapy (trastuzumab, 
ramucirumab), immunotherapy 
(PD-1 inhibitors)

Late diagnosis, 
heterogeneity, limited 
response to targeted 
therapy

Colorectal cancer Obesity, red/
processed meat, 
physical inactivity, 
smoking, alcohol

APC mutation, KRAS, 
TP53, BRAF; chromo-
somal & microsatellite 
instability

Colonoscopy, fecal 
occult blood test, 
imaging, molecular 
profiling

Surgery, chemotherapy,  
targeted therapy (EGFR 
inhibitors, VEGF inhibitors), 
immunotherapy

Drug resistance, 
mutation-driven 
therapy limitations, 
screening disparities

Liver cancer (HCC) HBV/HCV infec-
tion, alcohol use, 
cirrhosis, aflatoxin 
exposure

Wnt/β-catenin activa-
tion, TP53 mutation, 
TERT alterations

Ultrasound, CT/MRI, 
alpha-fetoprotein 
(AFP), biopsy

Surgery, liver transplanta-
tion, locoregional therapy 
(TACE, RFA), targeted therapy 
(sorafenib, lenvatinib), immu-
notherapy

Late-stage detection, 
underlying liver 
disease, limited  
treatment eligibility

racteristics, and therapeutic responses to 
improve personalized treatment approaches.

To provide a consolidated overview of the key 
risk factors, molecular mechanisms, diagnostic 
approaches, and therapeutic strategies across 
major gastrointestinal cancers, a comparative 
summary is presented in Table 5. Emerging  
evidence suggests that the gut microbiome 
plays a role in gastrointestinal carcinogenesis, 
particularly in colorectal cancer. Alterations in 
microbial composition have been associated 
with chronic inflammation, immune modula-
tion, and metabolic changes that may promote 
tumor development. However, the clinical rele-
vance of microbiome-targeted interventions 
remains an area of ongoing investigation [7].

Limitations

A key limitation in current literature is the lack 
of integration between epidemiological trends, 
molecular mechanisms, and therapeutic strat-
egies. Gastrointestinal cancers share over- 
lapping oncogenic pathways, including dysregu-
lation of TP53, aberrant activation of Wnt/β-
catenin signaling, and alterations in growth fac-
tor pathways such as EGFR and VEGF. These 
shared mechanisms not only drive tumor pro-
gression but also influence therapeutic res- 
ponsiveness. Therefore, integrating molecular 
insights with clinical management is essential 
for advancing precision oncology and improving 
patient outcomes.

Conclusion and future perspective

Gastrointestinal cancers, including gastric, co- 
lorectal, and liver cancers, remain a major glob-

al health challenge due to their high incidence, 
late-stage diagnosis, and limited survival out-
comes. A key take-home message from this 
review is that, despite shared oncogenic mech-
anisms, these cancers exhibit substantial bio-
logical heterogeneity, which underlies variable 
responses to current therapies.

Recent advances in molecular profiling and tar-
geted and immune-based therapies have im- 
proved patient management; however, their 
clinical benefits remain inconsistent and largely 
restricted to selected subgroups. Persistent 
challenges, including tumor heterogeneity, un- 
reliable biomarkers, and therapeutic resistance 
continue to limit treatment efficacy. In addition, 
delayed diagnosis remains a critical barrier to 
improving outcomes.

Future research should move beyond single-
pathway approaches toward integrated strate-
gies. Priorities include the development of 
robust, clinically actionable biomarkers, incor-
poration of multi-omics data into routine clini-
cal decision-making, and the design of rational 
combination therapies to overcome resistance. 
Furthermore, improving early detection through 
non-invasive screening and better understand-
ing tumor-microenvironment interactions will 
be essential.
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