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Abstract: Gastrointestinal (GI) cancers are the most common causes of global cancer burden and 
cancer-related deaths. Chronic inflammation is a hallmark feature of GI tumors and plays an 
important role in tumor initiation, progression, and therapeutic response. The genetic makeup of 
cancer cell, as well as epigenetic alterations, and biological processes constitute an inflammatory 
tumor microenvironment (TME) that provides an essential nich for cancer initiation and 
progression. Cancer-associated inflammation, a key component of TME, displays protumoral or 
antitumoral activity depending on the composition, spatial distribution, and functional status of the 
immune cells involved, thus adversely affecting response to cancer treatment and clinical outcomes, 
whereas acute inflammation supports T-cell priming, activation, and infiltration into malignant 
tissues, thereby conferring anti-tumoral immunity. Inflammatory cells and proinflammatory 
molecules within the TME act as a bridge between inflammation and cancer. The majority of cells 
involved in the inflammatory process in the TME are innate immune cells, which play a critical role 
in shapping both the cellular composition of the TME and the plasticity of cancer cells and stromal 
cells. Activation of innate immune cells in the TME initiates the production of inflammatory, 
regenerative, and anti-inflammatory soluble molecules, resulting in adaptive immune response to 
the cancer. Additionally, aberrant activation of intracellular signaling pathways, inflammatory 
molecules, and metabolites have critical roles in the development and healing of inflammation 
during carcinogenesis. Cancer-associated inflammation may inhibit the effectiveness of anti-cancer 
agents by causing enzymatic degradation of drugs and modulating the immun activity, thus 
affecting survival of patient. In this review article, we highlight the genetic and cellular mechanisms 
involved in the formation of the inflammatory component of the TME in GI cancers, the soluble 
molecules, the cancer cell-immune cell interactions, and the implications of all these for clinical 
outcomes. We also comprehensively address the mechanisms linking chronic inflammation to 
cancer, with a focus on the most frequent GI cancers. 

Keywords: tumor microenvironment; cancer-associated inflammation; cancer-associated 
fibroblasts; gastrointestinal cancer; innate immunity; adaptive immunity;  

 

Introduction 

Gastrointestinal (GI) cancers, such as colorectal cancer (CRC), stomach cancer, pancreatic cancer 
and liver cancer, are a major cause of global cancer burden and cancer-related deaths (1). Although 
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unprecedented advances have been made in cancer research and treatment in the last two decades, 
cancer-associated death remains one of the most common causes of death globally (1). During this 
period, the role of the immune system and chronic inflammation on carcinogenesis, tumor 
progression, and treatment efficacy has been extensively investigated (1,2,3). Approximately 30% of 
patients develop treatment resistance to molecular targeted therapies, especially immunotherapies, 
which are widely used today, and chronic inflammation constitute one of the important mechanisms 
of treatment resistance (4,5). Today, we observe a paradigm shift in the concept of tumor biology; we 
understand tumor microenvironment (TME)-centered biology rather than cancer cell-centered 
biology. TME is an intricate and dynamic ecosystem, which contains cellular and molecular 
components, including tumor cells, stromal cells, inflammatory cells, and soluble inflammatory 
molecules (3,4,6). Preclinical trials have demonstrated that chronic inflammation recruits and 
activates innate and adaptive immune cells within the TME (7,8). Inflammation, which contains 
sufficient innate and adaptive immune cells, is considered a protective immune response that 
maintains tissue homeostasis by eliminating harmful stimuli (8,9,10). Cancer-associated 
inflammation, which can be considered as the chronic inflammatory component of the TME, which 
begins to develop at the beginning of carcinogenesis and continues to develop at every stage of the 
tumor, is non-resolving, unlike wound healing and infection (8,9,10,11). The molecular and cellular 
mechanisms involved in the pathogenesis of cancer-associated inflammation and inflammation 
resulting from infection and tissue injury show functional differences and similarities (3,8,10). 
Damage to epithelial tissue by injury and infection triggers the activation of myeloid cells expressing 
inflammatory cytokines, activating innate and adaptive immunity, thus providing homeostasis in the 
damaged tissue (8,9,10). However, if damage to epithelial tissue results from an oncogenic stimulus, 
the emerging immunity will predispose to carcinogenesis through inflammation and cytokines rather 
than improving initial injury (8,10). 

Chronic inflammation has long been recognized to contribute to cancer development, 
particularly across colorectal cancer, gastric cancer and liver cancer (8,10,11). The existence of a link 
between chronic inflammation and cancer was first suggested by the German pathologist Rudolph 
Virchow in 1863, and inflammatory cells were abundant in tumor tissues (12). 15-20% of solid tumors 
originate from tissues and organs with long-term chronic inflammation. The well-known examples 
are inflammatory bowel disease (IBD), chronic hepatitis, and H. pylori-associated gastritis, with an 
increased risk of colorectal cancer (CRC), liver cancer, and stomach cancer, respectively 
(13,14,15,16,17). The inflammatory TME formed by the genetics of cancer cell and other mechanisms 
such as epigenetic alterations, deregulation of intracellular signaling pathways and biological 
processes of cancer cell is a key determinant in tumor progression and response to anticancer 
treatments (18,19). Today, the mechanisms that govern the development of tumor-associated 
inflammation, and its interaction with and modulation of anti-tumor immunity have been largely 
elucidated (8,9,10,15,18,19). Single-cell technologies have shown increased expression of various 
inflammatory cytokines and chemokines by cancer cells in primary tumors or metastatic lesions 
(3,8,10,20,21). Another important type of inflammation is therapy-induced inflammation, which 
occurs in response to various anti-cancer therapies, including chemotherapy, radiotherapy, and 
immunotherapy (8,9,10,11). Cancer-associated inflammation enhances immunosuppression by 
recruiting immunosuppressive cells such as myeloid-derived immunosuppressive cells (MDSCs) and 
regulatory T (Tregs) cells, thus contributing to the formation of the immunosuppressive TME, which 
promotes cancer development and metastasis (4,8,14,15,21). While treatment-induced chronic 
inflammation promotes drug resistance and cancer progression, acute inflammation accentuates the 
eradication of cancer cells by triggering the activation of CD8+ T cells (7,8,11). Studies have shown 
that acute inflammation caused by exogenous factors foster anti-tumor function by triggering the 
activation of dendritic cells (DCs) and CD8+ T cells (1,4,7,8,10). While various environmental factors, 
such as obesity, smoking, and excessive alcohol consumption predispose carcinogenesis and promote 
tumor progression by causing low-grade local or systemic inflammation, cancer-associated 
inflammation contributes to cancer progression by promoting the accumulation and activation of 
inflammatory cells (8,10). Cancer-associated inflammation has a critical function in shaping the 
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cellular composition of the TME and the plasticity of tumor cells, as well as contributing to cancer 
progression by blocking anti-tumor immunity and directly transmitting tumor-promoting signals to 
cancer cells (3,8,9,10). The future and utility of cancer immunotherapy depend on a better 
understanding of these interactions and the ability to orchestrate them beneficially. 

Molecular Mechanisms Linking Chronic Inflammation to Cancer 

Acute inflammation is thought to be a protective immune response that occurs during infection 
and tissue injury, the main function of which is to mitigate tissue damage and infection (8,9,10). Innate 
immune cells, including macrophages, monocytes, neutrophils, dendritic cells (DCs), and Kupffer 
cells (KCs) initiate inflammation in damaged tissue (3,8,10,22). Inflammatory mediators expressed by 
innate immune cells, such as cytokines, chemokines, leukotrienes, and prostaglandins have been 
demonstrated to promote the recruitment of immune cells and stimulate surrounding cells to 
produce cytokines, forming a potent barrier against the microorganisms (3,8,23,24,25,26). Acute 
inflammation is typically triggered during times of infection via an interaction between pattern 
recognition receptors (PRRs) on innate immune cells, particularly tissue-resident macrophages, and 
pathogen-associated molecular patterns (PAMPs) (7,8,10). Granulocytes constitute the majority of 
cells involved in acute inflammatory reactions (27,28). In the next step, inflammatory cells that 
undergo apoptosis-induced cell death are phagocyted by macrophages (11,27,30). Tissue-resident 
macrophages, particularly KCs, respond to tissue changes by several mechanisms, such as 
eliminating dying cells, expressing chemotactic molecules, orchestrating immune mechanisms, and 
contributing to the recruitment of stem cells (8,10,29). In the initial and amplification phases, 
inflammation exerts a significant immunostimulatory effects (1,7,8,10). The resolution phase is 
characterized by the secretion of anti-inflammatory lipid mediators, such as SMPs, cytokines such as 
IL-10 and growth factors including TGFβ and epidermal growth factor (EGF) (3,8,9). SMPs play an 
important role in the resolution of inflammation by hindering neutrophil recruitment in damaged 
tissue, attenuating the secretion of inflammatory cytokines, and fostering the capacity of 
macrophages to phagocyte apoptotic neutrophils (30,31,32,33). These mediators augment the 
production of Tregs and B cells to suppress excessive activation of adaptive immunity (30,32). When 
acute inflammation becomes chronic inflammation, adaptive immune cells recruit in the 
inflammation field to eliminate detrimental factors (27,29). Although inflammatory mechanisms are 
necessary for the regeneration of normal tissue and the maintenance of tissue homeostasis, they can 
also contribute to the initiation of cancer and tumor progression (29). Nowadays, it has become clear 
that the inflammatory process comprises many cell types and molecules governing cell chemotaxis, 
migration, and proliferation (11,31,32).  

Chronic inflammation is considered to be one of the main drivers in the development of cancer 
and the anti-cancer response and may show pro-tumoral or anti-tumoral activity depending on the 
type of immune cells it involves and the functional status of the cells (8,10,22,34) (Figure 1). In some 
situations, the resolution of acute inflammatory reactions can be hampered by biological and 
environmental factors, leading to chronic inflammation, the immune cell composition of which and 
the molecular mediators produced are quite different from acute inflammation (1,7,8,10,35). In 
contrast to the acute inflammatory response, chronic inflammation is typically activated by DAMPs 
in the absence of activation of PAMPs (1,8). The clinical consequences of chronic inflammation can 
be severe and its key role in carcinogenesis and tumor progression has been proven (1,7,8,29). 
Approximately 25% of cancers arise from a chronic inflammatory microenvironment (1). Helicobacter 
pylori infection causes chronic gastritis that is associated with the generation of reactive oxygen 
species (ROS) and nitric oxide metabolites and a reduction of vitamin C levels, which can lead to 
peptic ulcer, gastric cancer, and gastric mucosa-associated lymphoid tissue lymphoma (36). In Asian 
and Eastern European countries, where gastric cancer incidence and mortality are high, the lifetime 
risk of developing gastric cancer in H. pylori-positive individuals is 1-5% (17). Additionally, in these 
geographic regions, high salt intake, smoking habits, low iron levels, and pickled foods contribute to 
the development of gastric cancer (17). Chronic inflammation damages parietal cells and these cells 
lose their acid-producing properties, which results in hypochlorhydria or achlorhydria, which pave 
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the way for the colonization of proinflammatory gastric microorganisms, thus producing more 
genotoxic and pro-inflammatory metabolites and carcinogens, which are directly effective on 
malignant epithelial cell transformation (37,38).  

 

Figure 1. Mechanisms connecting inflammation to cancer. During acute inflammatory process, upon 
uptake of tumor-associated antigens (TAAs), dendritic cells (DCs) can orchestrate the anti-tumor 
immunity by several mechanisms, such as presentation of TAAs and priming tumor-specific CD8+ T 
cells, polarization of immune cells towards tumor suppression, accumulating NK cells. In chronic 
inflammatory microenvironment, cancer cells inhibit TAA presentation by DCs as well as leading to 
accumulation of large numbers of immunosuppressive cells, such as MDSCs, Tregs, M2-TAMs, N2-
TANs, and Th2 cells, through releasing various soluble molecules and inflammatory mediators. 
Subsequently, these immunosuppressive cells generate pro-angiogenic and pro-tumoral 
microenvironment, and mitigate anti-tumor activity. 

Another well-known example of chronic inflammation-derived cancer is colitis-associated 
colorectal cancer (CAC) (13,14). Persistent chronic inflammation of the colon caused by inflammatory 
bowel diseases (IBDs), such as Crohn's colitis and ulcerative colitis, is associated with an increased 
incidence of CAC, which is considered the most serious complication of IBD (39,40). CAC represents 
an important model of inflammation-associated carcinogenesis: the risk of CAC increases as the 
duration of colitis increases and the anatomical extent of colitis expands and in the presence of 
concomitant inflammatory diseases, such as primary sclerosing cholangitis (13,40). Chronic 
inflammation itself is the major driver in the development of CAC in IBD (13,14). Chronic 
inflammation-associated CAC is thought to arise as a result of the expansion of pro-tumorigenic 
clones (14). Somatic driver mutations can be detected in non-dysplastic inflamed colon years before 
the diagnosis of CAC (13). Multiple studies using whole exome sequencing have identified TCGA 
point mutation in the KRAS, BRAF, ERBB2, ERBB3, TP53, and FBXW7 genes in non-dysplastic colon 
mucosa (41). Chronic inflammation present in the microenvironment paves the way for driver 
mutations to form tumors (13,41). Local tissue damage leads to inflammation, which cooperates with 
driver mutations in the KRAS and p53 genes for malignant transformation of the cell (13,41). Many 
teams of researchers have demonstrated a distinct genomic landscape CAC in terms of driver gene 
mutations, copy number alterations, germline changes, and the functional effects of these genomic 
alterations (13,41). Mutations may not be the initial event that triggers carcinogenesis in IBD (41). 
While p53 mutation is not detected in the colon mucosa, it is detected in approximately 50% of the 
dysplastic mucosa, and the frequency of p53 mutations gradually increases towards the dysplastic-
carcinoma cascade (13,41). Additionally, copy number alterations accumulate progressively from 
low-grade dysplasia to high-grade dysplasia and cancer (13,43,44). Chatila et al. showed that cancer 
development in IBD predominantly arises from independent genetic events and that there is no field 
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effect of genetic changes that predispose to cancer development (14). Two important differences have 
been detected between CAC and sporadic CRC in terms of genomic landscapes (14). The first is that 
p53 alterations are early and highly recurrent events in CACs, which occur in half of dysplasia, while 
it is a late event in sporadic CRC (14). Secondly, while APC mutations are detected at a rate of 81% 
in sporadic microsatellite stable (MSS) CRC, they are detected at a rate of 11-22% in CAC (14). Studies 
in mouse models have demonstrated that SMAD4 is also an important player in the regulation of 
inflammation and loss of SMAD4 leads to the upregulation of some inflammatory signaling 
pathways, including IL-6/STAT3 and NF-κB (45). Significant differences have been identified 
between CAC and sporadic CRC in terms of driver mutations in oncogenes and tumor suppressor 
genes, copy number changes, and functional effects of these genomic alterations (13,14,45). One of 
the most prominent examples in this field is the absence of Wnt signaling activity in CAC, which is 
one of the fundamental genomic landscapes of sporadic CRC (13,45).  

Chronic liver diseases such as viral hepatitis or nonalcoholic fatty liver disease (NAFLD) are 
characterized by persistent inflammation and subsequent liver fibrosis, leading to liver cirrhosis and 
hepatocellular carcinoma (HCC) (46,47). HCC represents the most common type of liver cancer, 
which usually arises in the inflamed liver microenvironment caused by HBV and HCV infection, 
alcohol abuse and NAFLD (46). NAFLD is a spectrum of chronic liver disease that ranges from simple 
steatosis to non-alcoholic steatohepatitis (NASH) and is strongly associated with metabolic syndrome 
(46,47). NASH is an emerging risk factor for HCC (46). Accumulating evidence has indicated that 
pre-cirrhotic NAFLD might provide an increased risk of HCC, independent of cirrhosis (48). A range 
of single nucleotide polymorphisms, such as patatin-like phospholipase domain containing 3 
(PNPLA3; rs 738409) and transmembrane superfamily member 2 (TM6SF2; rs 58542926) have been 
associated with the presence of NAFLD and disease progression to advanced fibrosis and HCC 
(46,49,50). Many research groups from different countries have shown that HCC is 3 times higher in 
patients carrying the PNPLA3 polymorphism (46,49). Recently, the combined use of single-cell RNA 
sequencing and single-cell spatial analysis in tumor tissue samples has largely elucidated the 
molecular and cellular characteristics of NASH-associated HCC (51). Genomic analyses have 
indicated key pathways altered in HCC, including Wnt/β-catenin, P13K/Ras, and cell-cycle pathways 
(46,52). The most frequently mutated genes in NASH-associated HCCs are TERT, CTNNB1, TP53 and 
ACVR2A genes (46,52). NASH-associated HCC samples have significantly higher rates of ACVR2A 
mutations than samples of other aetiologies (52). In vitro observations revealed that ACVR2A 
mutations act as a tumor suppressor in HCC (52). The Wnt/TGF-β proliferation subclass is more 
frequent in NASH-driven HCC than in HCCs of other etiologies (53). Another molecular landscape 
of NASH-driven HCC is that it has an immunosuppressive pro-carcinogenic and inflammatory 
tumor microenvironment (52,53).  

In homeostasis, immune cells, particularly KCs are densely populated in the liver, which rapidly 
sense hepatocyte stress and injury signals, and lead to the activation of pro-inflammatory pathways 
(51). Metabolic stress induced by several factors causes metabolic disturbance in hepatocytes, 
increasing reactive oxygen species (ROS), endoplasmic reticulum (ER) stress and oxidative stress and 
resulting in hepatic metabolic reprogramming (47,48,51). These processes result in hepatocyte death 
of apoptotic or necroptotic type (48,51).  In the liver, dying or damaged hepatocytes release soluble 
mediators that act as damage-associated molecular patterns (DAMPs) (51). Preclinical studies have 
revealed that dying hepatocytes release P2Y14 ligands, such as uridine 5’-diphosphate (UDP)-glucose 
and UDP-galactose, that bind to the P2Y14 receptor on HSC and induce activation in both mouse and 
human HSCs (54). Liver parenchymal and non-parenchymal cells, including HSCs, KCs, and liver 
sinusoidal endothelial cells (LSECs) perceive these dangerous signals released from the dying 
hepatocytes via PRRs and form inflammasome as the first response (55). Inflammasome, a protein 
complex, initiates the inflammatory response by producing IL-1β, releasing IL-18, and ultimately 
promoting inflammatory cell death (55). Pro-inflammatory cytokine-producing Innate and adaptive 
immune cells rapidly accumulate in the inflammatory microenvironment and disrupt hepatocyte 
metabolism by promoting hepatic metabolic reprogramming, thereby promoting hepatocyte injury 
and death, DNA damage, and hepatocyte proliferation (56). Inflammatory molecules promote the 
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activation of hepatic stellate cells (HSCs), and inflammatory mediators secreted by activated HSCs 
contribute to the expansion of chronic inflammation and hepatocarcinogenesis (49,51). Mounting 
evidence indicates that chronic liver inflammation damages hepatic epithelial cells, including 
hepatocytes and biliary epithelial cells (51). This damage leads to a significant increase in liver cell 
proliferation (46,51). Simultaneously, chronic inflammation induces ROS production and DNA 
damage, increasing the frequency of genomic alterations (49). Furthermore, chronic liver 
inflammation induces phenotypic changes in hepatocytes and hepatic immune cells, especially 
macrophages (16,49,51). Chronic inflammation initiates hepatocarcinogenesis through the 
transformation of hepatocytes into liver progenitor cells and the differentiation of macrophages into 
tumor-associated macrophages (M2 phenotype) (16). TNFα and IL-6 produced by macrophages in 
the cirrhotic liver, as well as TNF receptor 1 (TNFR1) signaling expressed by hepatocytes play critical 
roles in the development and progression of HCC (16). TNFα is one of the protumorigenic cytokines, 
that activates both NF-κB and JNK signaling pathways (16,51). Many studies demonstrate that 
activation of innate immune receptors, such as Toll-like 4 receptors (TLRs), particularly TLR4, plays 
a role in HCC development because IL-6 is induced through MyD88, a universal adaptor molecule 
for TLRs (16,57). 

The gut microbiome, which harbors more than 100 trillion microorganisms including bacteria, 
viruses, fungi and archaea, plays a critical role in the development and progression of HCC by 
contributing to the establishment and growth of chronic liver inflammation (58). The liver and gut 
interact via the anatomically (portal venous system) and the gut microbiome (59). The liver regulates 
the intestinal microbiota with bile containing bile acids, IgA and antibacterial metabolites (60). 
Environmental factors, such as high-fat diets and alcohol consumption, can disrupt microbial 
compositions, leading to gut dysbiosis, which induces intestinal inflammation, which contributes to 
intestinal barrier dysfunction and translocation of microorganism-associated molecular patterns 
(MAMPs), such as lipopolysaccharide (LPS), to the liver and systemic circulation (61). In diet-induced 
NASH mouse models, a positive correlation between serum LPS levels and liver injury has been 
demonstrated (62). Cholestasis due to liver tissue remodeling in cirrhosis leads to intestinal dysbiosis 
(58). Cirrhosis patients display increased bacterial abundance in hepatic tissue, which induces 
pronounced transcriptional changes, including activation of fibro-inflammatory pathways as well as 
circuits mediating cancer immunosuppression (63). Increased intestinal permeability in cirrhotic 
patients allows the translocation of MAMPs and contributes to increased systemic and local 
inflammation in the liver (63). Dysbiosis changes the metabolism of intestinal bile acids, with less 
conversion of primary to secondary bile acids (64). Several studies have indicated that fecal microbial 
diversity is decreased in patients with cirrhosis compared with healthy controls, however, diversity 
increases as one progresses from cirrhosis to HCC (65). Preclinical studies have shown that myc-
transgenic mice capable of developing HCC arise lower numbers and sizes of HCC when given 
antibiotics (66). Another key finding of this study is that primary bile acids increase the accumulation 
of hepatic NK cells, whereas secondary bile acids reverse this situation (66). Several mouse model 
trials have revealed a link between the activation of inflammatory signals caused by intestinal 
permeability, the translocation of MAMPs, and the development of HCC (67). Rats with 
diethylnitrosamine-induced HCC have increased serum LPS, and administration of antibiotics 
decreased the tumor size and numbers (67). Another remarkable finding of this study was that tumor 
size was significantly reduced in TLR4-knock-out mice treated with diethylnitrosamine compared to 
wild-type mice (67).  

The microenvironment of chronic inflammatory disease consists of immune cells, stromal cells, 
and soluble molecules such as cytokines and chemokines, which lead to genetic and epigenetic 
alterations in healthy cells to promote tumorigenesis (1,4,8,11,39,40). In chronic inflammatory 
diseases, oncogenes such as KRAS and some signaling pathways such as NF-κB, JAK/STAT, MAPK, 
Wnt/β-catenin, and P13K are induced, resulting in the synthesis of chemokines and adhesion 
molecules (11,39,40). In chronic inflammatory disorders, the activation of oncogenes and some 
signaling pathways and the production of some mediators lead to the accumulation of immune cells, 
the expression of cytokines (IL-1β, IL-17, TNF-α) and growth factors (GM-CSF) and COX-2 that 
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stimulate cancer cell proliferation and survival, and the synthesis of proteases that induce cancer 
progression (1,4,7,8,9,10,11). One of the most characteristic features of cancer is inactivation of tumor 
suppressor genes (10,18,19,21). P53 protein has multifaced roles to orchestrate cellular biological 
processes and exerts transcriptional antagonism to NF-κB, a key regulator of inflammation, in cancer 
(68,69). Considering the presence of NF-κB signals almost always within the TME, loss of p53 
functions leads to increased production of NF-κB-related genes (68,69). Studies conducted in patients 
with CRCs have demonstrated that this inflammatory signal is involved in tumor progression and 
metastasis (70). Many environmental stimuli can promote carcinogenesis by inducing chronic 
inflammation (1,8,10,18). In this situation, inflammation may precede or accompany carcinogenesis 
(8,10). In humans, these noxious stimuli may exert local or systemic effects (8,10). For instance, 
cigarette smoke and asbestos primarily promote the accumulation of immune cells, such as 
macrophages, neutrophils, and monocytes in the airway, which causes lung and airway 
inflammation, promoting carcinogenesis (71,72). Inhalable risk factors promote lung carcinogenesis 
through causing oxidative stress, that stimulates the production of pulmonary inflammation 
mediators and activation of MAPK and NF-κB pathways (73). 

In chronic inflammation, tissue destruction and healing occur simultaneously and numerous 
immune cells, mainly macrophages, neutrophils, and monocytes are accumulated in the field of 
inflammation (8,10,11,18,21). The recruitment of immune cells has a pivotal role in carcinogenesis 
and tumor progression (74,75). In the acute inflammatory responses, the chemokine monocyte 
chemotactic protein (MCP)1/CCL2 initiates the accumulation of pro-inflammatory monocytes that 
produce the chemokine receptor CCR2 (76). If the acute inflammation does not resolve and chronic 
inflammation occurs, the M-CSF, which induces the differentiation of monocytes to macrophages, is 
overexpressed in the inflammation field (77,78). Macrophages exert multiple roles in cancer, a 
reflection of their plasticity in response to environmental stimuli (79). These cells have the potential 
to kill tumor cells, mediate cellular cytotoxicity and phagocytosis, elicit vascular damage and tumor 
necrosis, and activate immune cell-mediated mechanisms of therapy resistance (80,81). M1 
phenotype macrophages exert a pro-inflammatory effect and play a key role in hepatocarcinogenesis 
by expressing pro-inflammatory mediators, such as IL-6 and TNF-α (8,10,79,80). Conversely, 
macrophages contribute to tumor progression by various mechanisms, including the promotion of 
cancer cell proliferation and survival, angiogenesis, and inhibition of immune responses (79,81). 
Tumor-associated macrophages (TAMs), M2 macrophages, are an essential component of the TME 
and have a role in the regulation of angiogenesis, extracellular remodeling, immunosuppression, and 
therapy resistance (82). Tissue-resident macrophages (TRMs) may play divergent roles in the 
inflammatory processes of tissues and the development of cancer (81,82). For example, in pancreatitis, 
TRMs, on the one hand, exert a protective effect by triggering the accumulation and activation of 
fibroblasts, while on the other hand, TRM-induced fibrosis drives the pathogenesis and progression 
of cancer (82). Furthermore, SPM downregulates the translation of inflammatory mediators by 
upregulating microRNAs influencing inflammatory genes in macrophages (83). Neutrophils are the 
first responders to acute inflammation and contribute to the resolution of inflammation. However, in 
chronic inflammation, the role of neutrophils has been described as either beneficial or detrimental, 
causing tissue damage and accentuating immune responses (84). These cells have the potential to 
establish neutrophil extracellular traps (NETs) (85). Mast cells are considered to exert critical 
proinflammatory functions and potential immunoregulatory roles through the secretion of mediators 
such as histamine, cytokines, proteases, and chemokines (86,87). 

T cells are vital for immune functions to maintain health and restrain disease (1,7,8). Effector 
CD8+ T cells release pro-inflammatory cytokines such as IFN-γ and TNF to inhibit viral replication 
(7,8). During inflammation, naive CD8+ T cells develop into CD8+ CTLs expressing various mediators, 
whereas naïve CD4+ T cells develop into Th1, Th2, Th17, Th22, and CTL subsets with indicated 
phenotypes to exert protective functions (1,7,8,14). CD4+ CTLs contribute to pathogen clearance 
through direct cytolytic activity or indirectly by enabling help to other immune cells (1,3,4,5,7,8,9,11). 
T-cell dysfunction is a hallmark of many cancers, but the mechanisms are not fully understood (7,8). 
Progenitor or stem-like exhausted CD8+ T cells can be defined by intermediate expression of PD-1 
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and the expression of the chemokine receptor CXCR5 (3). Terminally exhausted T cells co-express 
high levels of PD-1, Tim-3 and other co-inhibitory receptors (3,21). These two subsets have significant 
functional distinctions, and only progenitor-exhausted cells proliferate after checkpoint-blockade 
therapy (3,21). Regulatory T (Treg) cells are unique in terms of their immune and metabolic features, 
which have a distinctive metabolism and immunosuppressive ability (88,89). Tregs represent about 
10% of the CD4+ T cells and promote the immunotolerance of malignant cells, resulting in unfavorable 
clinical consequences for multiple cancers (3,8,21). Dendritic cells (DCs) play pivotal roles in both the 
promotion of immune defense and the maintenance of immune tolerance (88,89). DCs exert different 
immune functions, including antigen recognition and capture, inflammatory molecule expression, 
chemotactic migration and regulation (88,89,90). 

Main Drivers Involved in The Generation of Cancer-Association Inflammation 

We discussed in the previous section that some solid tumors originate from a long-term chronic 
inflammatory background and the cellular and molecular mechanisms that initiate and promote 
carcinogenesis. Inflammation may exit before carcinogenesis or both processes may begin 
simultaneously (7,8,9,10,14). Epidemiological studies have revealed that a very small proportion of 
patients with long-standing inflammatory disease develop cancer from an inflamed field (8,10,11). 
For example, approximately 2% of CRC is linked to pre-existing inflammation known as CAC, but 
most develop in patients without underlying IBD (8,10,13). Cancer-associated inflammation, 
inflammatory component of the TME, is a new concept; the molecular and cellular mechanisms 
involved in its pathogenesis, and its prognostic and therapeutic implications are only just beginning 
to be understood (8,9,10,13,14,21). The hallmarks of cancer-associated inflammation include the 
presence of inflammatory cells and inflammatory mediators, such as chemokines, cytokines and 
prostaglandins, in tumor tissues, tissue remodeling and angiogenesis similar to that seen in the 
chronic inflammatory response, and tissue repair (8,9,10,11,20,22,34). Regardless of the risk factors 
that initiate carcinogenesis, the vast majority of tumors contain inflammatory cells and soluble 
inflammatory and immunosuppressive molecules in the tumor tissue (8,9,10,14,20). Nowadays, it has 
been established that there is a causal connection between inflammation and cancer and that the 
composition and functional status of the immune infiltrate in the tumor tissue have prognostic and 
predictive value for molecularly targeted therapies (8,9,10,13,21,33). Furthermore, the role of the 
genetic makeup of the cancer cell, such as the driver mutations in oncogenes and loss of function of 
TSGs, tumor mutational burden, in the pathogenesis of cancer-related inflammation, as well as the 
interaction between the genetic landscape of the cancer cell and the composition and activation of the 
immune infiltrate in the inflammatory TME, has been largely elucidated (18,20,21). 

The genetic landscape of the cancer cell promotes the secretion of proinflammatory molecules 
from the cancer cell, leading to recruitment of inflammatory cells within the tumor tissue, playing a 
critical role in the formation of cancer-associated inflammation (8,9,10,18,21) (Figure 2). Studies in 
experimental models have demonstrated that oncogenes and tumor suppressor genes regulate 
essential cellular biological processes such as cell cycle, apoptosis, senescence, autophagia, migration, 
and survival and that genetic alterations leading to dysregulation or loss of function in these genes 
can result in chronic inflammation and malignant transformation (9,11,18,20,21,93,94,95). Solid 
tumors generate inflammatory and immunosuppressive microenvironment (TME) to promote cancer 
cell growth and metastasis (18,21,92,93). The mechanisms by which oncogenes and TSGs regulate 
tumor-associated inflammation are beginning to be elucidated (94). Oncogenes and TSGs alter the 
inflammatory cell composition of the TME by modulating cancer cell-intrinsic programs as well as 
changing cancer cell inflammatory mediator secretion (8,18,21,92,93). The p53 pathway can modulate 
the immunological composition of the tumor tissue by regulating NF-κB signaling, which is generally 
activated by the loss of p53 (8,18,21,33,93). One remarkable example is NF-κB which orchestrates cell 
survival and proliferation, but also the production of inflammatory cytokines (8,9,18,21,93). The 
activation of the NF-κB signaling pathway induced carcinogenesis in the KrasLSL-G12D/+; Trp53F/F lung 
adenocarcinoma model (21,93,96). On the contrary, NF-κB inactivation accelerates intratumoral 
immune cell migration and prevents carcinogenesis in KrasLSL-G12D/+; Trp53F/F mice, indicating a link 
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between loss of p53, NF-κB activation, and an inflammatory TME (18,21,93). The tumor suppressor 
p53 gene can drive immune infiltration and inflammation in a wide range of tumor types by 
controlling the pro-inflammatory NF-κB pathway (8,10,11,14,15,18,21,93). In experimental models, 
concomitant loss of E-cadherin and p53 promotes NF-κB activation, which is accompanied by 
increased macrophage recruitment and proinflammatory mediator production (21,93). Experimental 
studies have shown that NF-κB is controlled by p53 in the tumor tissue and that loss of p53 activates 
NF-κB, inducing the production of the inflammatory soluble molecules from cancer cells, which in 
turn alters the immune context through paracrine interactions (18,93,97). Furthermore, studies in p53 
knockout mouse models have revealed that NF-κB-mediated inflammatory response is a driving 
force of carcinogenesis (18,93,97). In cancer, p53 missense mutations may exhibit tumor suppressor 
or tumor promoter activity. In addition to causing loss of p53 function, these mutations have gain-of-
function activity and contribute to the malignant properties of cancer cells (93,98,99). Accumulating 
evidence suggests that in cancer, mutant p53 leads to the release of miR-1246-rich exomes, causing 
M1 macrophages to polarize into tumor-promoting M2 phenotype, thereby contributing to the 
establishment of an immunosuppressive and inflammatory TME (100,101). 

 

Figure 2. Inflammation in cancer: mechanisms and effects on tumor biology. Stress, cell death, 
obesity and bacterial infections trigger the activation of innate immune cells and increase the secretion 
of inflammatory mediators, which promote the recruitment of adaptive immune cells to damaged 
tissue. DCs and other myeloid cells take up antigens and present them to CD8+ T cells, activating these 
cells. On the other hand, cell death has an immunosuppressive effect, thus inhibiting CD8+ T cell 
activation. Similarly, macrophages can impede the anti-tumor activity of CD8+ T cells by secreting IL-
10 and TGF-β. 

Because of its critical effects on cellular biological processes, the MYC oncogene is a key player 
in generating cancer-related inflammation (95). The effect of MYC signaling on cancer-associated 
inflammation has been investigated in many tumors. It orchestrates several cancer cell-intrinsic and 
host-dependent pathways suh as proliferation, metabolism, invasiveness, autophagy, and protein 
and ribosomal biosynthesis to promote cancer cell growth and survival (102,103). Experimental 
models have shown that MYC inactivation can affect tumor cell growth and host immunity, leading 
to tumor regression (104). In mouse models of pancreatic cancer, MYC inactivation results in 
significant reductions in the number of M2 macrophages and tumor-associated neutrophils (TANs) 
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in the TME as well as tumor regression (104,105). The cellular biological processes and clinical 
consequences of MYC inactivation vary depending on the tissue origin of the cancer, for example, 
the cellular biological processes including cellular differentiation, senescence and apoptosis, differ in 
MYC-deriven haematological cancers and MYC-deriven mesenchymal tumors (105,106).  

Activation of the MYC pathway promotes the secretion of proinflammatory cytokines such as 
CCL5 and IL-1β from cancer cells, leading to the proliferation of inflammatory cells and amplification 
of inflammation in the TME (95,107,108). MYC signaling can control the infiltration of immune cells 
into tumor tissue, but this ability can be inhibited by other aberrant expressed genes (18,95). MYC 
can also drive the immune phenotype of the tumor by altering the expression levels of immune 
checkpoint molecules by cancer cells, thus affecting T cell response (109,110). Experimental studies 
have revealed that MYC increases the production of both PDL1 and CD47 on cancer cells by binding 
to their respective promoters (110). Overexpression of PDL1 and CD47 limits the accumulation of 
CD4+ T cells and macrophages in the TME (110). Furthermore, MYC inactivation decreases CD47 and 
PDL1 production (110). MYC may contribute to cancer cell evasion of immune surveillance by 
promoting the production of immune checkpoint molecules by cancer cells (111). Activation of MYC 
pathway impedes the accumulation of adaptive immune cells such as B, T, NK cells, in the TME by 
promoting IL-23 expression form cancer cells, while inducing the production of CCL9 from cancer 
cells and allowing macrophages to accumulate in the TME (109). Considering all the findings, 
targeting MYC in cancer may be a reasonable strategy to enhance anti-tumor immunity (95). 

Apart from the genomic alterations in oncogenes and TSGs mentioned above, many genetic 
events affect the immune landscape of the tumor and contribute to the formation of chronic 
inflammation within the TME. Members of the Ras family are the most frequently mutated oncogenes 
in cancers and activated oncogenic components of the Ras-Raf signaling pathway, in turn, promote 
the expression of tumor-promoting inflammatory chemokines and cytokines (94). The effect of the 
Kras oncogene on tumor-associated myeloid cells has been demonstrated in many studies (18,94). In 
experimental models, the mutant Kras oncogene potently promotes the accumulation of myeloid cells 
in the TME and the production of the cytokines IL-6 and IL-8, which induce tumor progression (112). 
In addition, many studies have shown that Kras-derived pancreatic ductal adenocarcinoma (PDAC) 
expresses high levels of the growth factor GM-CSF, which is accompanied by the accumulation of 
immunosuppressive tumor-associated myeloid cells within the tumor tissue (113). In preclinical 
models, genetic ablation or neutralization of GM-CSF reduces myeloid infiltration, increases CD8+ T 
cell accumulation in the TME and leads to significant reduction in tumor size (113). These findings 
suggest a causal link between Ras oncogenic signaling pathways and the inflammatory landscape of 
tumors (112,113). Notch signaling can activate monocytes and macrophages by driving CCL2 and IL-
1b production (114). In addition, Notch signaling also orchestrates TGF-β -receptor and uPA 
production, thereby promoting tumor growth (115). Notch can mitigate the antitumor immune 
response by inhibiting c/EBPb and thus limiting IL-1, IL-6, and IL-8 expression (115). Loss of tumor 
suppressor gene LKB1 can promote the production of G-CSF, CXCL7, and IL-6, which induces 
neutrophil accumulation and can prevent the recruitment of immune cells that exhibit antitumor 
activity (116). PTEN can inhibit NF-κB signaling, as such, loss of PTEN increases NF-κB-mediated 
expression of soluble molecules, which promotes the recruitment of inflammatory and 
immunosuppressive cells in the TME, such as neutrophil, macrophage, and Treg (117). Beyond the 
roles of cancer-derived cytokines, chemokines, and nonimmune cells in shaping inflammatory 
characteristics of tumors, the mutational landscape of cancer cells, which directly reflects the 
immunogenicity of the tumor, may determine the extent and phenotype of the immune infiltrate, i.e. 
inflammation, in the TME (93,94,95).  

One of the main inducers of tumor-associated inflammation is the high metabolic stress of 
tumor, which is characterized by low glucose levels, amino acid deprivation, impaired lipid 
metabolism and lipotoxicity, and severe hypoxia (118,119). In the tumor tissue, immune cells and 
other stromal cells may be exposed to all of these metabolic stress components (118).  

Tumor hypoxia develops as a result of the rapid consumption of oxygen by tumor cells and 
quick angiogenesis within the tumor (118,119). Metabolic stress, particularly hypoxia can contribute 
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to generating cancer-related inflammation (120). Hypoxia leads to hypoxia-inducible factor (HIF)-1α 
induction, CAF and TAM activation, and the secretion of numerous chemokines, which in turn result 
in the accumulation of proinflammatory myeloid cells, particularly macrophages, in the TME. 
Hypoxia inhibits glycolysis and may promote the angiogenic activity of TAMs (118). In response to 
hypoxia, HIF-1α potentiates the polarization and suppression of the effect of M2 (121). Hypoxia also 
promotes the progression of T cells to exhaustion status (122). It promotes the production of immune 
checkpoint molecules, such as PD1, PD-L1, CTLA-4, LAG-3, and TIM-3, contributing to the TME 
becoming more inflammatory and immunosuppressive (123). Although hypoxia affects all cells 
within the tumor tissue, two recent studies have shown that it specifically affects cells with an 
inflammatory phenotype (119,120). Macrophages are effector immune cells that undergo significant 
changes when entering tumors or infected wounds (118,119,120). Hypoxia generates distinct 
responses from macrophages depending on the activation state. Hypoxia induces transcriptome 
turnover in macrophages, but inflammatory macrophages exhibit significantly increased mRNA 
destabilization compared to resting macrophages (119,124,125). In another study investigating the 
relationship between hypoxia and inflammation, Mello et al. found that hypoxia promotes the 
induction of inflammatory phenotype cancer-associated fibroblasts (iCAFs) by modulating their 
interaction with tumor cells and that hypoxic regulation of the iCAF phenotype is independent of 
tumor HIF1α or HIF2α (120). The drivers of tumor-associated inflammation are different in microbial-
rich tumors and sterile tumors (8,20). For example, in CRC, disruption of the intestinal barrier by 
oncogene in the mucosa where cancer originates leads to translocation of commensal bacteria and 
their metabolites, which are sensed by tumor-associated myeloid cells, such as TAM, and TAN, to 
promote IL-23 production and IL-23-mediated cancer-related inflammation (126,127). In contrast, in 
tumors not originating in the mucosa genomic and metabolic changes, cell death and hypoxia may 
be initial inflammatory stimuli (126,127)) 

 Stromal cells, such as CAFs, TAMs, TANs, are pivotal players in the generation and expansion 
of tumor-associated inflammation. CAFs are major component of the tumor tissue, and critically 
modulate cancer progression through various mechanisms, including production of growth factors, 
inflammatory ligands and exosomes as cell as ECM remodeling, angiogenesis, tumor mechanics and 
treatment responses (128). CAF-secreted inflammatory ligands and chemokines promote 
inflammation and tumor cell proliferation (8,18,128). Interaction between CAFs and cancer cells is 
mediated with a complex signaling network that consists of signaling pathways for TGFβ, mitogen-
activated protein kinase (MAPK), Wnt/β-catenin pathway, JAK/STAT pathway, epidermal growth 
factor receptor (EGFR), and NF-κB (128). During carcinogenesis, experimental trials have reported 
that cancer-derived CAFs modulate immune system through recruiting immune cells, such as 
neutrophils, monocytes and dendritic cells, and promote these cells to acquire immunosuppressive 
phenotypes that boost immune evasion (128). Tumor-associated macrophages (TAMs) are an 
essential component of the TME and have an important role in the regulating of angiogenesis, 
extracellular matrix remodeling, cancer cell proliferation, metastasis and immunosuppression and as 
well as resistance to cancer therapy (2,7,18,21). Additionally, TAMs promote tumor-associated 
inflammation by producing pro-inflammatory mediators (2,7,8,11,18,19). TAMs inhibit T cell 
functions by secreting certain mediators, contributing to the maintenance of immunosuppressive 
TME (2,4,7,8,10,14,129,130). Neutrophils dominate the early phase of inflammation and pave the way 
for tissue damage to be repair by macrophages (129,131). These functions are regulated by various 
cytokines and the production of their receptors (129,130,131). In chronic inflammation, neutrophils 
exert dual role; beneficial or detrimental, driving tissue damage or accentuating immune response 
(2,3,4). Tumor-associated neutrophils (TANs) have been reported to be associated with tumor 
growth, metastasis and worse prognosis (2,129,131). N2 TAN can form NETs, which can promote 
carcinogenesis in the context of chronic inflammation (2,3,4,129). However, growing evidence 
suggests that TANs could impair the development of tumors by killing tumor cells or activating 
innate and adaptive immunity (1,2,3,129,131). Myeloid-derived suppressor cells (MDSCs) are one of 
the immunosuppressive cells, that drive tumor development and progression (1,7). Several studies 
have reported that tumor-associated tissue eosinophils (TATE) are associated with better overall 
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survival in many hematological and solid cancers, such as breast, and CRC, indicating the 
contribution of eosinophils to the anti-tumor activity (3,7,10,132) (Figure 3). 

 

Figure 3. Complex interaction between cancer cell and immune cells. Tumor and stromal cells 
secrete soluble molecules to recruit immunosuppressive cells, including TAMs and neutrophils, 
MDSCs, Dcs and T cells. These soluble molecules induce polarization of immune cells, such as M1 
macrophages and N1 neutrophils, into cancer-promoting cells, including M2 macrophages and N2 
neutrophils. Immunosuppressive TME impedes effector functions and proliferation capacity of CD8+ 
T cells, leading to terminal exhausted T cells, which produce high levels of immune checkpoint 
molecules, inculding PD-1 and PD-L1. Tumor-associated cells also promote the growth of tumor cells 
by expressing a number of growth factors, such as VEGF, EGF, and HGF. 

Cancer-Inhibitory Inflammation 

Although many experimental and clinical studies have reported that chronic inflammation has 
a pro-tumor activity, it is well known that chronic inflammation is not always associated with the 
risk of cancer development. As mentioned in previous sections, immune cells can kill tumor cells by 
expressing various molecules, playing a critical role in hampering tumor development and 
progression (1,3,4,8,9,10). Specific immune cells involved in chronic inflammation and cytokines can 
exert anti-tumor function (3,7,8,14). Although the innate immune system is thought to contribute to 
tumor-related inflammation by promoting the release of inflammatory mediators, DCs, an important 
member of the innate immune system, have been reported to control the development of CAC 
through the production of IL-22BP, which neutralizes IL-22 (3,7,8,9,13,14). However, cancer cells can 
hijack DCs to promote chronic inflammation and mitigate TAA presentation, thus accelerating 
carcinogenesis (13,14,133,134). The functions of DCs in inflammation and immune response are 
largely determined by their movement in lymphoid and nonlymphoid tissues (3,7,8,133,134). 
Different DC subsets have distinct mobilization capacities and exhibit different immunological 
functions (7,8,18,133,134). CCR7 is the most important chemotactic mediator of DC migration which 
recognizes the chemokine ligands CCL19 and CCL21 and it is the main guide in the migration of DCs 
to lymphoid tissue (134). The presence of inflammatory cells in some tumors, such as eosinophils in 
CRC and TAMs in breast and pancreatic cancer, is associated with a favorable prognosis (135). These 
observations may be an indication that inflammatory cells destroy cancer cells as well as normal 
tissue cells (134,135). 

Macrophages, another basic cell of the innate immune system, exert significant antitumor 
activity by mediating cancer cell phagocytosis and cytotoxic cancer killing (57,81,82,136). As 
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previously described, macrophages are classified into M1 and M2 phenotype (81,82).  M1 
macrophages produce high levels of proinflammatory mediators, such as TNF-α, IL-1β, IL-6, IL-12, 
CXCL9, and major histocompatability complex class II (MHC-II), but low levels of IL-10 and arginase 
(57,136,137). By releasing pro-inflammatory soluble molecules, M1 macrophages promote the 
polarization and accumulation of tumor cells, mediating the phagocytosis of tumor cells (136). The 
stimuli that polarize the macrophages towards the M1 phenotype may determine the type of function 
of the M1 phenotype, for example, M1 macrophages polarized with IFN-γ display anti-tumor activity, 
while repolarization of macrophages from the M2 phenotype to the M1 phenotype leads to a 
significant reduction in tumor size (82,136). M2 macrophages (TAMs) are polarized by IL-4, IL-10, 
and IL-13 and display immunosuppressive activity to trigger tissue repair (82,136,137). TAMs exhibit 
a role in regulating of angiogenesis, ECM remodeling, cancer cell proliferation, metastasis, and 
resistance to cancer treatments (81,82,129,130,138). TAMs are recruited and set in tumor-promoting 
mode by signals by tumor cells, B cells, CAFs and macrophages themselves (82,129,130,138). 
Molecules involved in the recruitment and education of TAMs include TGF-β, macrophage colony-
stimulating factor 1 (CSF1), chemokines such as CCL2, cytokines such as IL-4 and IL-2 (82,129,130). 
Many studies have revealed that high TAM infiltration within the tumor or particularly in peritumor 
area are associated with worse clinical outcomes (11,57,81,82,136). Cancer cells educate TAMs to 
become immunosuppressive through the secretion of CCL2, SPP1 and extracellular vesicles 
(11,18,138). Macrophage-derived CCL2 promotes the production of PD-L1 and fosters the 
immunosuppressive landscape of the TME (81,82,138). Additionally, M2 macrophages secrete 
mediators such as IL-10, IL-6, IL-8 and VEGF, resulting in T cell and NK cell inhibition (11,14). As 
such, repolarization of TAM to the M1 phenotype may modulate the immunosuppressive feature of 
the TME and accentuate antitumor immunity (7,11,14,139). TANs are polarized to a pro-tumorigenic 
(N2) phenotype by tumor, which exert potent immunosuppressive functions including production 
of PD-L1, secretion of immunosuppressive molecules (IL-8, CCL2), NETosis (131,139). Conversely, 
N1-TANs are characterized by expressing several pro-inflammatory cytokines, including CCL2, 
CCL3, CXCL8, IL-6, and TNF-a and recruiting cytotoxic anti-tumor effectors within the TME 
(1,2,3,4,7,8,14). Additionally, N1-TANs promote the activation of cytotoxic anti-tumor effectors 
through the high production of co-stimulatory molecules (CD86, ICAM-1), subsequently 
accentuating anti-tumor immune function (131). Innate lymphoid cells (ILCs) can exert antitumor 
function in some tumors by recruiting DCs and CD8+ T cells within the TME via CCL5 (140). NK cells 
are cytotoxic innate-like lymphocytes that recognize stressed cells, such as cancer cells, and mediate 
the killing of cancer cells (141). Natural Killer T (NKT) cells possess potent tumor-killing activity and 
can infiltrate tumors and they bridge innate and adaptive immunity (142). 

The core function of innate immune system is to recognize and present tumor-associated 
antigens (TAAs) to cytotoxic anti-tumor effectors (5,6). Anti-tumor effector cells can kill cancer cells 
directly or eliminate them by sensitizing them to biological molecules such as Fas ligand, perforin or 
granzyme (143,144,145). CD8+ T cells are pivotal mediators in the elimination of cancer cells, which 
harbor distinct T cell receptors (TCRs) (21,146). Growing evidence indicates that several key 
transcriptional factors (T-bet vs Bcl-6, STAT4 vs STAT3), epigenetic mechanisms (DNA methylation 
and histone modification) and metabolic reprogramming are involved in the differentiation of naïve 
T cells into effector cells (146,147,148). During cancer, naive CD8+ T cells differentiate into CD8+ CTLs 
producing a range of chemokine receptors and effector molecules (146). Factors within the TME can 
drive CD8+ T cells to exhausted T cells, which account for unique cellular phenotype, heterogeneity, 
and functional capacity (21,147,148). During exhaustion, CD8+ T cells gradually lose expression of IL-
2 and TNF-α, and cytotoxic function (149). Terminal exhausted CD8+ T cells also lose IFN-γ expression 
(149). Experimental trials have reported that terminal exhausted CD8+ T cells can maintain their 
capacity to produce molecules such as MIP1α, MIP1β, RANTES, and IL-10 (149). Immune checkpoint 
molecule expression of terminal exhausted CD8+ T cells are high and response to immunotherapies 
is quite low in these patients (143,144,145). B cells can inhibit carcinogenesis by expressing tumor-
reactive antibodies, promoting tumor killing by NK cells, phagocytosis by macrophages and priming 
cytotoxic effector cells (144,145). Several studies have reported that distinct B-cell types, such as 
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tumor-infiltrating B-lymphocytes (TIBs) display pro-tumor effect during some cancer progression 
(144,150). Activated B cells can destroy tumor cells (150). Furthermore, TIBs were detected to have 
cytotoxicity toward hepatocellular carcinoma cells by the production of granzyme and TRAIL (150). 
Approximately 50% of the numerous studies investigating the functions of TIL-B cells report that 
CD20+ TIL-B cells have positive prognostic effects (150). It has been shown in many studies that the 
prognostic significance of TIB cells is compatible with CD3+ and CD8+ T cells and that T cells show 
stronger anti-tumor activity in the presence of TIB cells (7,8,14,150). Briefly, growing evidence 
suggests that TIB cells exert anti-tumor activity (7,8,9). 

Cancer Therapy-Induced Inflammation  

Anti-cancer therapy is associated with an inflammatory response in tumor tissue, which either 
drives an anti-tumor immune response or, conversly, promotes tumor growth (8,10). Recently, the 
effects of cancer therapy-induced inflammation on tumor recurrence and clinical outcomes have been 
largely understood, with the elucidation that cancer cell death elicits an anti-tumor immune response 
and that lipid mediators such as prostaglandin 2 (PG2) and platelet activation factor (PAF), play a 
role in the clearance of dead cells in the TME and in tumor growth (151). Many cancer treatments are 
very effective in destroying cancer cells, but the main difficulty in cancer treatment is that some 
cancer cells cannot be eliminated and these cells proliferate, leading to tumor recuurrence (151). 
Chemotherapy and radiotherapy often cause apoptotic cell death (8,92,151). In fact, apoptosis is a 
physiological process in which apoptotic cells are cleared by phagocytes such as macrophages and 
DCs, which prevents the emergence of inflammation by inhibiting the release of proinflammatory 
cytokines such as IL-10 and TGF-β, from phagocytes (82). However, during the anticancer therapy, 
delayed clearance of apoptotic cells can lead to secondary necrosis, which can result in the release of 
proinflammatory cytokines and thus inflammation (8,82,151).  

Another type of cell death caused by anti-cancer treatments, including chemotherapy and 
radiotherapy, is necrosis (8,9,10,82,92). The main landscape of necrotic cell death is the rupture of the 
cancer cell membrane and the release of damage-associated molecular pattern molecules (DAMPs), 
which engage distinct receptors present on the innate immune cells (8,9,10,92,151,152). Upon 
recognition, DAMPs activate DCs and promotes the engulfment of dying cells, thereby improving 
anti-tumor response and clinical consequences (82,92,152). Conversely, DAMPs released from dying 
cancer cells accumulate macrophages to promote cancer cell clearence and polarize tham to a M2 
phenotype, which may contribute to immunosuppression and cancer cell resistance to anti-cancer 
therapy (82). Dying cancer cells also express lipid mediators, such as PGE2 and PAF, promoting the 
proliferation and survival of remaning cancer cells (8,9,10,152). Experimental trials have revealed that 
DAMPs are not only released from necrotic cells, but certain forms of programmed cell death can 
induce DAMPs relase and lead to immunogenic cell death (152). Distinct chemotherapeutic agents, 
such as anthracyclines, oxaliplatin, cyclophosphamide, mitochontrone, bortezomid and radiotherapy 
result in immunogenic cell death (ICD) of cancer cells, and stimulate the release of DAMPs from 
dying cells (153). Following ICD, DAMPs released as a result of ICD promote the activation of 
cytotoxic effectors, which play a crucial role in the therapy response (153). Chemotherapeutic agents 
exert anti-cancer influences by influencing main cellular biological processes, which are 
indispensable for the robust proliferation of tumor cells (153). In addition, anti-cancer drugs 
modulate the immune cell profile of the TME, by triggering immune reactions and promoting 
cytotoxic effectors (154,155). A few anti-cancer agents, such as cisplatin, can cause chronic 
inflammation through the release of some pro-inflammatory mediators, leading to angiogenesis, 
tumor progression and resistance to treatment (156,157).  

Currently, radiotherapy has established an important part of conventional cancer treatments, as 
high dose of radiation kills cancer cells and reduces tumor size (158). Radiotherapy activates 
transcription factors, including NF-κB and STAT, which generate multiple radioresistance signals 
through modulating anti-apoptotic pathways (159). Radiotherapy-induced NF-κB activation 
contributes to the prevention of apoptosis and cell cycle arrest (159). Additionally, NF-κB activation 
also orchestrate the transcription of a myriad of genes regulating immunity, proliferation, invasion, 
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and angiogenesis, which favor radiotherapy resistance (8,10,152). Experimental trials in some types 
of cancer have reported that drugs that suppress the biological effects of NF-κB, such as indomethacin 
and curcimin, enhance the radiosensitivity of cancer cells by accentuating radiotherapy-induced 
apoptosis (158). Irradiated tumor cells secrete many soluble molecules, including proinflammatory 
cytokines, that also have biological effects on non-irradiated cells (158,159). In addition, radiotherapy 
promotes the formation of a proinflammatory TME, by inducing the network between inflammatory 
pathways, ultimately leading to tumor cell death (158,160). Radiation-induced inflammation 
accentuates the adaptive antigen-specific immune response and tumor-host interaction is reshaped 
during radiotherapy, which contributes to the favorable clinical outcomes (159). Additionally, 
chronic inflammation induced by radiotherapy in the TME promotes to recruitment of 
immunosuppressive cells (TAMs, myeloid-derived cells, and regulatory T cells) (159). Radiotherapy 
can foster proliferation of cancer cell and tumor progression, thus paving the way for treatment 
resistance (152,161,162). 

In some solid tumors, such as HCC, immune checkpoint inhibitors (ICIs) have been shown to 
significantly improve overall survival (151,163,164). However, immune-related tissue injury is 
common in patients with cancer receiving ICIs, adversely affecting clinical outcomes (165,166). 
Although immune-related tissue injury can affect any organ, it is most commonly observed in the 
skin, endocrine system, gastrointestinal system and liver. In randomized controlled trials (RCTs), the 
incidence of immune-related tissue injury has been reported to be between 1% and 15% (165,166,167). 
In particular, in patients with HCC receiving ICIs, the incidence of immune-related liver damage is 
directly related to the degree of underlying liver disease and the combined administration of 
molecularly targeted drugs (165,166). ICIs may cause inflammation due to lysis of tumor cells, 
especially in patients who achieve an objective radiological response (166,168). ICIs also led to 
increased T cell infiltration within the TME, resulting in overproduction of proinflammatory 
cytokines by these cells, thereby enhancing the inflammatory response (165,166). Cytokine release 
syndrome (CRS) is one of the most serious clinical toxicity of immunotherapies (168). Many studies 
have shown that CRS can develop not only during the use of immunotherapies in patients with cancer 
but also during the treatment of other diseases, where CRS is accompanied by severe inflammation 
(168). Recently, two prospective studies of patients with advanced HCC who received ICIs reported 
that patients with high baseline AFP levels had a higher frequency of immune-related liver injury 
and significantly higher levels of inflammartion markers than patients with normal AFP levels (166). 
Although ICIs have provided significant progress in cancer treatment, they fail in a significant 
proportion of cancer patients due to their side effects and the development of treatment resistance 
(165,166,167,168). The main reason for resistance to immunotherapies is the inflammatory TME, 
where chronic inflammation is the fundamental driver of cancer cell proliferation, angiogenesis, and 
recruitment of immunosuppressive cell populations (151,152,165,166). The fact that immunotherapies 
have fatal side effects such as cytokine storm and coagulopathy limit the indication field of these 
treatments (169,170).  

Conclusions and Future Perspectives 

Emerging evidence indicates that chronic inflammation is an important driver in carcinogenesis 
and tumor progression, as well as response to treatment. Recent molecular trials have reported that 
pro-tumorigenic inflammatory pathways are orchestrated by intrinsic mechanisms of tumor cells. In 
addition to the genetic makeup of the cancer cell, epigenetic alterations and activation of intracellular 
signaling pathways create an inflammatory TME, which usually emerges before carcinogenesis but 
may develop late in carcinogenesis in some tumors. The TME consists of tumor cells, immune cells, 
stromal cells and pro-inflammatory cytokines and chemokines. Chronic inflammation acts as a tumor 
promoter by boosting cell survival, proliferation, and angiogenesis during tumorigenesis and tumor 
progression. In addition, chronic inflammation is involved in carcinogenesis by activating NF-κB and 
STAT signaling pathways. Changes in driver oncogenes can contribute to establishing an 
inflammatory microenvironment to promote the initiation of carcinogenesis. Currently, the 
molecular mechanisms, immune cells and soluble molecules involved in the pathogenesis of tumor-
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associated inflammation have been largely elucidated. In the vast majority of tumors, inflammation 
exerts dual effects; normally, immune cells inhibit tumor growth by eradicating tumor cells, on the 
other hand, in inflammatory tumors, some immune cells, inflammatory cells and molecules promote 
cancer growth by boosting cancer cell proliferation and prolonging its survival 

The TME, of which chronic inflammation is the substantial component, plays a critical role in 
orchestrating cancer cell progression, metastasis, immune evasion and drug ressitance. A significant 
number of cancer patients receiving ICIs emerge primary or acquired drug resistance. The interaction 
between cancer cells and stromal cells in the TME can alter the cellular composition and soluble 
molecule landscape of the TME and may predispose to the development of drug resistance. 
Therefore, it is necessary to elucidate this complex crosstalk between cancer cells and immune cells, 
particularly inflammatory cells to develop effective anti-cancer drugs and improve the overall 
survival of cancer patients. Considering all of these developments, it can be suggested that treatment 
of cancer-associated inflammation, elimination of immunosuppressive landscape of the TME and 
repolarization of terminal exhousted  CD8+ T cells into effector CD8+ T cells are necessary for the 
anti-cancer therapies to be succesful in GI cancers. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

Abbreviations 

GI gastrointestinal 
TME tumor microenvironment 
CRC colorectal cancer 
IBD inflammatory bowel disease 
MDSCs myeloid-derived immunosuppressive cells 
DCs dendritic cells 
KCs Kupffer cells 
PRRs pattern recognition receptors 
PAMPs pathogen-associated molecular patterns 
EGF epidermal growth factor 
ROS reactive oxygen species 
CAC colitis-associated colorectal cancer 
NAFLD nonalcoholic fatty liver disease 
HCC hepatocellular carcinoma 
ER endoplasmic reticulum 
DAMPs damage-associated molecular patterns 
UDP uridine 5’-diphosphate 
LSECs liver sinusoidal endothelial cells 
HSCS hepatic stellate cells 
MAMPs microorganism-associated molecular patterns 
LPS lipopolysaccharide 
TAMs Tumor-associated macrophages 
TRMs Tissue-resident macrophages 
NETs neutrophil extracellular traps 
HIF hypoxia-inducible factor 
ICAFs inflammatory phenotype cancer-associated fibroblasts 
MAPK mitogen-activated protein kinase 
MDSCs Myeloid-derived suppressor cells 
TATE tumor-associated tissue eosinophils 
CSF1 macrophage colony-stimulating factor 1 
NKT Natural Killer T 
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TAAs tumor-associated antigens 
TCRs T cell receptors 
PAF platelet activation factor 
DAMPs damage-associated molecular pattern molecules 
ICD immunogenic cell death 
ICIs immune checkpoint inhibitors 
RCT randomized controlled trials 
CRS Cytokine release syndrome 
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