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tumor microenvironment, enriched with cytokines, chemokines, and immune cells,
fosters immune evasion, angiogenesis, and genomic instability and key signaling
pathways, including NF-kB, STAT3, and COX-2/PGE2, bridge inflammation and
oncogenesis, making them promising therapeutic targets. Despite the tumor-
promoting effects of chronic inflammation, the immune system also plays a crucial
role in immunosurveillance, eliminating malignant cells. However, tumors develop
escape mechanisms, such as immune checkpoint activation and recruitment of
immunosuppressive cells, enabling survival and metastasis. Current therapeutic
strategies target inflammation-driven tumorigenesis through nonsteroidal anti-
inflammatory drugs (NSAIDs), cytokine inhibitors, immune checkpoint inhibitors,
and combination therapies. Understanding the balance between pro- and antitumor
immunity is essential for advancing novel therapeutic interventions. This review
highlights recent findings on inflammation-driven cancer progression, the
molecular mechanisms involved, and emerging strategies to harness inflammatory
pathways for cancer treatment.
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1. Introduction

Cancer development is a multifactorial process influenced by genetic, environmental, and immunological
factors. Among these, chronic inflammation has emerged as a critical component of tumorigenesis, providing a
favorable microenvironment for cancer initiation, progression, and metastasis. The link between inflammation and
cancer dates back to Rudolf Virchow’s 1863 hypothesis, which suggested that tumors arise from sites of chronic
irritation and inflammation [1]. Recent research has validated this idea, demonstrating that inflammatory cells and
their secreted mediators are pivotal in fostering tumor growth [2]. The immune system, a powerful force, largely
shapes the tumor microenvironment, with inflammatory cells actively participating in the neoplastic process. Pro-
inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), and chemokines
and adhesion molecules, facilitate tumor cell proliferation, survival, and metastasis [3]. Additionally, tumor-
associated macrophages (TAMs) have been shown to promote cancer progression by secreting growth factors,
suppressing antitumor immunity, and enhancing angiogenesis [4]. Chronic inflammatory conditions, such as
inflammatory bowel disease and chronic hepatitis, significantly increase the risk of colorectal and liver cancer,

Copyright: © 2025 by the authors. This is an open access article under the terms and conditions of the Creative Commons
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
BY

Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://creativecommons.org/licenses/by/4.0/

Singh et al. Int. J. Clin. Transl. Med. 2025, 1(3), 3

respectively, by inducing persistent immune activation and DNA damage [5]. This intricate interplay between the
immune system and cancer is a fascinating area of research that keeps the audience intrigued and engaged. While
inflammation plays a central role in tumor progression, it also has the potential to suppress malignancy under
specific conditions. This duality highlights the importance of understanding the balance between pro-tumorigenic
and antitumorigenic immune responses [6]. For instance, in some cases, the immune system can recognize and
eliminate cancer cells, a process known as immunosurveillance. By targeting key inflammatory pathways, novel
therapeutic strategies, inclssuding nonsteroidal anti-inflammatory drugs (NSAIDs), immune checkpoint inhibitors,
and cytokine-targeting therapies, offer promising avenues for cancer prevention and treatment [7]. The potential
of these strategies, particularly immunotherapy, reassures the audience about the progress in cancer treatment and
the hope they bring for the future.

2. Tumor-Associated Inflammation: The Dual Role of Tumor Suppressor Loss and Oncogene Activation

Several mechanisms contribute to the initiation of tumor-associated inflammatory responses driven by
various stimuli. One of the hallmarks of cancer is the loss of tumor suppressor functions, which profoundly disrupts
cellular homeostasis and immune regulation. Among the most frequently mutated tumor suppressors is Tp53,
which encodes the p53 protein and is crucial for maintaining cellular balance and suppressing inflammatory
pathways by antagonizing nuclear factor-kB (NF-kB) [8,9]. Since NF-kB is a key positive regulator of
inflammation and remains constitutively active within the tumor microenvironment, the loss of p53 leads to
unregulated NF-«B signaling and increased expression of NF-kB-dependent inflammatory genes. This
inflammatory signature has been shown to drive tumor progression and metastasis in colorectal cancer [8,10,11].
Additionally, the loss of tumor suppressors compromises DNA repair mechanisms, promoting genomic instability
and triggering DNA-damage-induced inflammatory pathways [12]. Understanding these molecular mechanisms
is crucial for developing targeted therapies. Beyond tumor suppressor loss, oncogene activation is directly linked
to increased inflammatory signaling, which fuels tumor progression. Many oncogenes stimulate the production of
cytokines and chemokines, facilitating the recruitment of myeloid-derived immune cells that either support tumor
growth or suppress antitumor immunity. For instance, oncogenic K-Ras signaling enhances the expression of C-
X-C motif chemokine ligand 3 (CXCL3), a key factor in myeloid cell recruitment [ 13]. Moreover, K-Ras activation
leads to the overproduction of cytokines and chemokines associated with the senescence-associated secretory
phenotype (SASP), including IL-1a, IL-1B, C-C motif chemokine ligand 2 (CCL2), and CXCL1 [14]. The
cooperative activation of K-Ras and c-Myc further amplifies inflammation by inducing CCL9, IL-23, and other
inflammatory mediators in pancreatic cancer [15]. These findings highlight a common mechanism across cancers:
oncogene activation and inflammatory cytokine overproduction establish a tumor-promoting inflammatory
microenvironment.

3. Innate Immune Signaling, Inflammation, and Myeloid Reprogramming in Tumor Progression

The innate immune system relies on key pathogen recognition receptor families, including Toll-like receptors
(TLRs), NOD-like receptors (NLRs), and retinoic acid-inducible gene-like receptors (RLRs), to detect pathogenic
and endogenous danger signals [16,17]. These receptors trigger intracellular signaling cascades, producing pro-
inflammatory mediators such as cytokines, chemokines, leukotrienes, and eicosanoids, which contribute to
inflammation and tumor progression [16]. TLRs, expressed either on the cell surface (TLR1, TLR2, TLR4, TLRS,
TLR6, TLR10, TLR11) or within the cytoplasm (TLR3, TLR7, TLR9Y), recognize a variety of pathogens and
inflammatory signals, initiating responses that can influence tumorigenesis. For example, TLR4 has been shown
to promote tumor growth and metastasis in various cancers, including breast, lung, and colorectal cancer, by
inducing the expression of pro-inflammatory cytokines and chemokines [16]. Structurally, TLRs share three major
components: an extracellular leucine-rich domain, a transmembrane domain, and a Toll/interleukin-1 receptor
(TIR) domain, essential for activating downstream pathways [18,19]. Upon activation, TLRs dimerize and interact
with adaptors such as MyD88, IRAK, TRAF6, TAK1, TABI, and TAB2, leading to NF-kB activation and the
subsequent transcription of inflammatory genes [20,21]. TLR4 and TLR3 can also interact with TIRAP and TRIF,
mediating MyD88-independent pathways [22,23]. NLRs, another class of pattern recognition receptors, are
primarily located in the cytoplasm and are integral to immune responses against bacterial infections. Structurally,
NLRs consist of a NACHT domain (for oligomerization and activation), an N-terminal protein-protein interaction
domain (such as the CARD domain), and a C-terminal leucine-rich repeat (LRR) domain [24,25]. The NLR family
comprises [20] intracellular receptors in monocytes, macrophages, T cells, B cells, and intestinal dendritic-like
cells [26]. NOD1 and NOD2 receptors engage receptor-interacting protein (RIP)-2 via CARD-CARD interactions,
subsequently activating NF-kB and MAPK pathways [27]. Some NLR members also contribute to inflammasome
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formation, regulating caspase-1 activation and the maturation of pro-inflammatory cytokines such as IL-6, IL-10,
IL12, IL23, IL-1B, IL-18, and IL-33 as shown in Figure 1 [28,29]. Inflammasome activation triggers cytokine
production and induces pyroptosis, a form of inflammatory programmed cell death characterized by cell swelling,
membrane rupture, and inflammatory mediator release [30,31]. Caspase-1 cleaves gasdermin D (GSDMD),
regulating pyroptosis, which has been implicated in inflammatory diseases such as familial Mediterranean fever
(FMF), neonatal inflammatory disorders, non-alcoholic steatohepatitis (NASH), and multiple sclerosis [32-37].
Additionally, inflammasome-mediated inflammation plays a role in tumor progression and resistance to therapy,
with NLRP3 being implicated in inflammatory responses to anti-cancer drugs [38—43].
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Figure 1. Inflammatory Signaling Pathways in Tumor Progression. The figure illustrates key inflammatory
pathways contributing to tumor development and immune modulation. Pathways such as TNF-a, IL-6, IL-10, IL-
12, 1L-23, and TGF-p are shown with their downstream effectors, including JAK/STAT, SMAD, and NF-«kB, which
regulate processes like inflammation, immunosuppression, angiogenesis, and apoptosis. TRAIL-mediated caspase
activation promotes tumor cell death, while other pathways facilitate immune evasion and tumor survival. The
interplay of these signaling cascades highlights potential therapeutic targets for modulating inflammation in cancer

treatment.

Immune cells within the tumor site can exhibit antitumorigenic or protumorigenic phenotypes. However, the
tumor microenvironment (TME) often reprogrammes tumor-infiltrating immune cells, particularly myeloid cells,
toward pro-tumor functions. These include suppressing antitumor immune responses and promoting angiogenesis
[41-48]. Beyond modulating neutrophils, monocytes, and macrophages within the local TME, several tumors also
trigger increased medullary and extramedullary myelopoiesis, a cancer-induced emergency myelopoiesis
phenomenon. This process drives elevated bone marrow and/or splenic production of myeloid cells with
immunosuppressive properties [49]. Such tumor-promoting myeloid cells, known as myeloid-derived suppressor
cells (MDSCs), are defined by their ability to suppress immune responses. Several tumor-derived factors contribute
to cancer-induced emergency myelopoiesis, including granulocyte colony-stimulating factor (G-CSF),
granulocyte-macrophage colony-stimulating factor (GM-CSF, also known as CSF2), interleukin-6 (IL-6), and
vascular endothelial growth factor A (VEGFA) [50-53]. Once produced, monocytes generated through this
process are recruited into the TME, where they differentiate into tumor-associated macrophages (TAMs), further
supporting tumor progression. A critical area of ongoing research is identifying where tumor-driven myeloid cell
reprogramming occurs and elucidating the underlying mechanisms. Substantial evidence indicates that this
reprogramming to a pro-tumor phenotype can occur within the TME. For instance, neutrophils undergo epigenetic
modifications induced by tumors, leading to the expression of dcTRAIL-R1 (TNFRSF23), a neutrophil subset
located in the hypoxic tumor core that enhances angiogenesis and tumor growth [46]. Similarly, in the colorectal

https://doi.org/10.53941/ijctm.2025.1000017 3 of 12



Singh et al. Int. J. Clin. Transl. Med. 2025, 1(3), 3

cancer microenvironment, neutrophils are transcriptionally reprogrammed to express Spp1 (encoding osteopontin)
and Mmpl4 (encoding a matrix metalloproteinase), promoting tumor vascularization [52]. Beyond the TME,
tumor-mediated myeloid reprogramming can also originate in the bone marrow. Notably, IL-4 produced by
basophils and eosinophils within the bone marrow has been shown to generate immunosuppressive,
protumorigenic myeloid cells from progenitors [54]. Additionally, tumor-derived signals can drive hematopoietic
stem and progenitor cells (HSPCs) toward differentiation into tumor-promoting MDSCs via chemokine receptor
signaling through CCR1 and CCRS5 as shown in Figure 2 [55].
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Figure 2. Harnessing Inflammation in Cancer Therapy: Balancing Pro- and Anti-Tumor Immune Responses.
The figure represents the complex relationship between inflammation and cancer, balancing pro-tumorigenic and
anti-tumorigenic immune responses. Inflammatory signals can support tumor immune evasion through MDSCs,

Tregs, and M2 macrophages while facilitating anti-tumor immunity via CD8+ T cells, NK cells, and M1

macrophages. Strategies such as STING activation, immune checkpoint inhibition, cytokine modulation, and tumor
antigen priming are shown as potential therapeutic interventions to optimize immune responses and enhance cancer
immunotherapy.

4. Inflammation, Immune Surveillance, and Cancer Immunoediting: A Double-Edged Sword

The relationship between inflammation, immune surveillance, and cancer is complex and multifaceted. While
the immune system detects and eliminates malignant cells, chronic inflammation can create a tumor-promoting
environment. Cancer immunosurveillance was initially proposed to describe the immune system’s role in
preventing cancer development. However, tumors often evolve mechanisms to escape immune detection, leading
to a dynamic process known as cancer immunoediting, which consists of three distinct phases: elimination,
equilibrium, and escape [56]. In the elimination phase, immune cells such as natural killer (NK), cytotoxic CD8+
T lymphocytes, and dendritic cells recognize and destroy emerging cancer cells. This process is facilitated by
releasing pro-inflammatory cytokines such as interferon-gamma (IFN-y) and activating immune checkpoints that
ensure effective immune responses. However, suppose a subset of tumor cells withstands immune-mediated
destruction. In that case, they enter the equilibrium phase, where selective immune pressure allows for the survival
and outgrowth of tumor variants with reduced immunogenicity [57]. Over time, these immune-resistant tumor
cells accumulate mutations that further enable them to evade immune responses, progressing to the escape phase.
In this final stage, tumors actively suppress immune responses through mechanisms such as loss of antigen
presentation, secretion of immunosuppressive cytokines (TGF-f, IL-10), recruitment of regulatory T cells (Tregs),
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and activation of immune checkpoints like PD-1/PD-L1 and CTLA-4. These adaptations help tumors grow
unchecked despite an active immune system [58]. Chronic inflammation further exacerbates tumor progression by
providing a microenvironment rich in growth factors, pro-inflammatory cytokines, and reactive oxygen species
(ROS), contributing to DNA damage and genetic instability. Inflammatory mediators such as TNF-a, IL-6, and
IL-1B have been implicated in promoting tumor growth by enhancing cell proliferation, angiogenesis, and
resistance to apoptosis. Additionally, the tumor microenvironment (TME) is shaped by infiltrating immune cells
such as tumor-associated macrophages (TAMs), myeloid-derived suppressor cells (MDSCs), and neutrophils,
many of which exhibit pro-tumorigenic functions. TAMs, particularly those polarized toward the M2 phenotype,
secrete immunosuppressive factors that support tumor survival and metastasis [59]. Moreover, danger signal
receptors such as Toll-like receptors (TLRs) and inflammasomes play crucial roles in linking inflammation and
cancer. TLR activation can promote both antitumor immunity and tumor progression, depending on the context.
For example, while TLR4 activation can enhance dendritic cell maturation and antigen presentation, it has also
been associated with increased tumor cell survival and metastasis. Similarly, inflammasomes contribute to
inflammation-induced carcinogenesis by promoting the production of IL-1p and IL-18, which enhance immune
cell recruitment and tumor-promoting inflammation [60]. Given the intricate interplay between inflammation,
immune surveillance, and tumor evolution, therapeutic strategies targeting both immune evasion and chronic
inflammation hold promise for cancer treatment. Immune checkpoint inhibitors (e.g., anti-PD-1, anti-CTLA-4),
anti-inflammatory drugs (e.g., NSAIDs, COX-2 inhibitors), and cytokine-targeting therapies are being actively
explored to enhance antitumor immunity. Understanding the balance between pro- and antitumor immune
responses will be crucial for developing effective immunotherapies that harness the immune system while
mitigating the tumor-promoting effects of chronic inflammation as shown in Figure 3 [61].
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Figure 3. Targeting Inflammation in Cancer Therapy-Molecular Mechanisms and Therapeutic Strategies.
Outlines of various therapeutic approaches targeting inflammation-driven cancer progression. NSAIDs and small
molecule inhibitors of COX, JAK/STAT, and TGF-f pathways are depicted, highlighting their role in suppressing
pro-inflammatory and immunosuppressive signaling. Therapeutic interventions such as IL-6/IL-6R blockade,
CCR2 inhibitors, and IL-2/TGF-B modulation are shown to enhance immune surveillance and limit tumor
proliferation, emphasizing the translational impact of inflammation-targeted strategies in cancer treatment.
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5. Pathways Involved in Inflammation and Cancer as Potential Therapeutic Targets

Several signaling pathways mediate the complex relationship between inflammation and cancer, influencing
tumor initiation, progression, and immune evasion. These pathways regulate inflammatory responses and provide
viable therapeutic targets for cancer treatment as shown in Figures 1 and 3.

1. NF-kB Pathway [1]

e  Key Role: The nuclear factor-kappa B (NF-kB) pathway links inflammation to tumor progression. It is
activated by inflammatory cytokines (TNF-a, IL-1f), microbial products (LPS), and stress signals.

e  Impact on Cancer: NF-kB promotes cell survival, proliferation, and immune evasion by upregulating
anti-apoptotic genes (Bcl-XL, c-IAP1, c-IAP2) and pro-inflammatory mediators (IL-6, IL-8, COX-2).
It also sustains chronic inflammation by recruiting tumor-associated macrophages (TAMs) and
myeloid-derived suppressor cells (MDSCs).

e Therapeutic Targeting: IKK inhibitors (which block NF-kB activation) and TNF-a inhibitors are being
explored for reducing tumor-associated inflammation.

2. STATS3 Signaling [62]

e  Key Role: Signal transducer and activator of transcription 3 (STAT3) is a key mediator of inflammation-
driven carcinogenesis. It is activated by cytokines such as IL-6, IL-10, and IL-23, enhancing tumor
survival.

e Impact on Cancer: STAT3 activation leads to immune suppression by promoting Treg expansion and
blocking cytotoxic T-cell responses. It also enhances angiogenesis via VEGF induction.

e  Therapeutic Targeting: JAK-STAT inhibitors (e.g., ruxolitinib) and IL-6 blockers (e.g., tocilizaumab)
are potential anti-cancer strategies targeting STAT3.

3. COX-2/PGE2 Pathway [63]

e Key Role: Cyclooxygenase-2 (COX-2) is upregulated in response to inflammatory stimuli and produces
prostaglandin E2 (PGE2), which modulates the immune response.

e  Impact on Cancer: COX-2 enhances tumor cell proliferation, immune evasion, and angiogenesis. It
suppresses antitumor immunity by impairing T-cell function and recruiting MDSCs.

o  Therapeutic Targeting: COX-2 inhibitors (e.g., celecoxib, aspirin) have shown promise in cancer
prevention and treatment.

4.  IL-1p/Inflammasome Pathway [64]

e  Key Role: The inflammasome, primarily activated via NLRP3, produces IL-1p and IL-18, which drive
chronic inflammation.

e  Impact on Cancer: IL-1B promotes tumor growth by inducing angiogenesis, epithelial-mesenchymal
transition (EMT), and metastasis.

e  Therapeutic Targeting: IL-1p inhibitors (e.g., anakinra, canakinumab) are being investigated to reduce
inflammation-driven cancer progression.

5. TGF-B Signaling [64]

e Key Role: Transforming growth factor-beta (TGF-f) has a dual role. It initially acts as a tumor
suppressor but later promotes tumor progression by inducing immunosuppression and metastasis.

e  Impact on Cancer: It promotes Treg expansion, fibroblast activation, and immune evasion, facilitating
tumor escape.

e Therapeutic Targeting: TGF- inhibitors are under development to counteract its pro-tumorigenic
effects.

By targeting these inflammatory pathways, novel cancer therapies can reduce tumor-promoting inflammation
while preserving antitumor immune responses, offering a promising direction for treatment.

6. Therapeutic Strategies Targeting Inflammation in Cancer

Inflammation is a key driver of tumor progression, influencing cancer cell survival, metastasis, and immune
evasion. Various therapeutic strategies have been explored to mitigate cancer-promoting inflammation, including
anti-inflammatory drugs, immune modulators, cytokine-targeting therapies, and combination strategies with
immunotherapy or chemotherapy as shown in Figure 2. Below are the major therapeutic approaches discussed in
the article:
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6.1. Anti-Inflammatory Agents for Cancer Prevention and Treatment

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs, particularly aspirin and COX-2 inhibitors, have been widely studied for their cancer-preventive and
therapeutic effects[61].

e  Aspirin: Long-term aspirin use has been associated with a lower risk of colorectal, esophageal, gastric, and
hepatobiliary cancers. It exerts anti-inflammatory effects by inhibiting COX-2 and reducing prostaglandin
E2 (PGE2) production, which is implicated in tumor progression.

e  COX-2 Inhibitors (Celecoxib, Rofecoxib): These drugs have shown efficacy in reducing colorectal adenomas
but are not routinely used due to cardiovascular risks.

e  Challenges: NSAIDs primarily delay tumor growth rather than eradicating cancer cells, and long-term use is
associated with gastrointestinal bleeding and cardiovascular side effects.

6.2. Targeted Anti-Inflammatory Therapies

6.2.1. IL-1 Inhibitors

IL-1p is a pro-inflammatory cytokine that promotes tumor growth, immune evasion, and metastasis.

e  Canakinumab (IL-1B monoclonal antibody) significantly reduced lung cancer incidence and mortality in the
CANTOS trial, originally designed to prevent cardiovascular diseases.

e  MABplI (IL-1a monoclonal antibody) has been studied in colorectal cancer and has shown potential benefits
in improving disease stabilization [65-67].

6.2.2. IL-6 Inhibitors

IL-6 plays a key role in cancer-related inflammation and immunosuppression.

e  Tocilizumab (anti-IL-6R), Clazakizumab, and Siltuximab (anti-IL-6 antibodies) have been tested in prostate,
lung, and multiple myeloma patients. However, clinical responses have been modest, indicating limited
efficacy as monotherapies.

e  Potential Use: IL-6 blockade may enhance immunotherapy responses by reducing tumor-induced immune
suppression [65—67].

6.2.3. TNF-a Inhibitors

TNF-o promotes cancer cell survival, angiogenesis, and immune evasion.

e Infliximab (anti-TNF-a) and Etanercept (TNF receptor blocker) have been tested in advanced cancer patients
but showed limited efficacy.

e  However, TNF blockade is beneficial in managing immune-related adverse events (irAEs) from
immunotherapy, particularly colitis induced by checkpoint inhibitors [65-67].

6.2.4. TGF-p Inhibitors

TGF-p suppresses early-stage tumors but later promotes immune evasion and metastasis.

e  Galunisertib (TGF-BR1 kinase inhibitor) showed potential in combination with gemcitabine for pancreatic
cancer and sorafenib for hepatocellular carcinoma (HCC).
e  Other bi-functional antibodies (anti-PD-L1-TGFBR2 inhibitors) are in early clinical trials [65-67].

6.3. Combination Therapies: Anti-Inflammatory Drugs with Immunotherapy

Targeting Tumor-Associated Macrophages (TAMs) and Myeloid-Derived Suppressor Cells (MDSCs)

6.3.1. Inflammation-Associated Myeloid Cells Contribute to Immune Suppression and Therapy Resistance

e  CSFIR Inhibitors: Depleting TAMs through CSF1R blockade improves responses to checkpoint inhibitors.

e  CCR2 and CCRS5 Antagonists: Inhibiting these chemokine receptors enhances the efficacy of PD-1 inhibitors
in pancreatic and colorectal cancer models.

e  CXCR1/2 Inhibitors (SX-682, BL-8040): These agents reduce MDSC infiltration and are tested in melanoma
and pancreatic cancer with immune checkpoint inhibitors (ICIs).
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6.3.2. Modulating Tumor Microenvironment (TME) for Enhanced Immunotherapy

Inflammatory mediators in the TME often lead to checkpoint inhibitor resistance.

e  NSAIDs with Checkpoint Inhibitors: Aspirin or Celecoxib enhances anti-PD-1 responses by reversing
immune suppression via PGE2 blockade.

e  [L-1p Inhibitors with ICIs: Blocking IL-1f reduces myeloid cell-mediated immune suppression, improving
anti-PD-1 efficacy.

e  TGF-p Inhibitors with ICIs: TGF- blockade remodels the TME, making tumors more susceptible to immune
attack [68].

6.4. Metabolic and Lifestyle-Associated Anti-Inflammatory Strategies

6.4.1. Statins (Lipid-Lowering Drugs)

Statins have anti-inflammatory effects beyond cholesterol reduction.

e  Studies suggest that statins lower colorectal and hepatocellular cancer risks, particularly in patients with viral
hepatitis or diabetes.

e  However, statins may induce epithelial-mesenchymal transition (EMT), potentially promoting tumor
progression in some cases [63,67].

6.4.2. Metformin (Diabetes Drug with Anti-Inflammatory Effects)

Metformin improves insulin sensitivity and suppresses tumor growth via AMPK activation.

e It reduces IL-6 and TNF-a production, suppressing cancer-associated inflammation.
e  C(linical Trials: Ongoing trials are testing metformin in combination with aspirin for colorectal cancer
prevention [63,67].

6.4.3. Vitamin D and Omega-3 Fatty Acids

e  Vitamin D has immune-modulatory and anti-inflammatory properties but has not consistently shown cancer-
preventive benefits in clinical trials.

e  Omega-3 fatty acids may reduce colorectal adenoma recurrence, but their role in cancer prevention remains
unclear [63,67].

7. Harnessing T-Cell Immunotherapy in Inflammation-Driven Cancers: The Role of CAR-T Cell Therapy

T-cell-mediated therapeutic strategies, particularly chimeric antigen receptor (CAR)-T cell therapy, have
gained significant attention in inflammation-driven cancers due to their potential to enhance antitumor immunity.
Chronic inflammation plays a dual role in cancer, promoting tumor progression while also activating immune
surveillance mechanisms. However, tumors often exploit inflammatory pathways to evade immune responses,
recruiting immunosuppressive cells such as regulatory T cells (Tregs) and myeloid-derived suppressor cells
(MDSCs), which dampen T-cell activity [69]. CAR-T cell therapy, which genetically engineers T cells to recognize
tumor-specific antigens, has shown remarkable success in hematologic malignancies but faces challenges in solid
tumors, where the inflammatory tumor microenvironment suppresses cytotoxic T-cell responses. However, the
potential of combining CAR-T cell therapy with anti-inflammatory strategies, such as immune checkpoint
inhibitors, cytokine modulation, or targeted inhibition of NF-kB and STAT3 pathways, to enhance T-cell
infiltration and function within tumors is a promising avenue. This integrative approach could help counteract
inflammation-mediated immune suppression, a significant step forward in the fight against cancer, making CAR-
T therapy a promising avenue for treating inflammation-associated cancers [70,71].

8. Conclusions and Future Perspectives

Inflammation plays a dual role in cancer, acting as both a facilitator of tumor progression and a mechanism
for immune-mediated tumor elimination. While inflammation-driven carcinogenesis has been well established, its
intricate molecular interactions continue to be explored. Advances in targeting inflammatory pathways have paved
the way for novel therapeutic approaches, such as combining immune checkpoint inhibitors with anti-
inflammatory agents to enhance antitumor immunity. However, several challenges remain, including therapy
resistance, off-target effects, and patient-specific responses. Future research should focus on precision medicine
approaches, integrating genomic, proteomic, and immunological data to tailor inflammation-targeted therapies.
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Additionally, investigating the role of gut microbiota, metabolic pathways, and systemic inflammation in cancer
progression may provide new avenues for intervention. As our understanding of the inflammation-cancer nexus
deepens, developing effective, personalized treatments will be crucial for improving patient outcomes and
transforming cancer management.
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