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Introduction
Cancer remains one of the leading causes of death worldwide, with 

complex interactions at the cellular and molecular levels contributing 
to its progression. Over the years, scientific research has revealed 
that chronic inflammation plays a central role in the development, 
progression, and metastasis of cancer. Inflammation, a biological 
response to harmful stimuli like pathogens, toxins, and tissue 
injury, can paradoxically contribute to tumorigenesis under certain 
circumstances. This article explores the molecular pathways through 
which inflammation drives cancer, identifies potential molecular targets 
for prevention and treatment, and discusses the emerging therapeutic 
strategies to combat inflammation-driven cancer [1].

Description
Inflammation as a driver of cancer

Inflammation is typically considered a protective response aimed 
at eliminating harmful agents and promoting tissue repair. However, 
when inflammation becomes chronic or dysregulated, it can promote 
tumorigenesis. Chronic inflammation has been implicated in a variety 
of cancers, including colorectal cancer, liver cancer, and pancreatic 
cancer. Pro-inflammatory cytokines, immune cells, and various 
signaling molecules can create a microenvironment that supports 
cancer cell proliferation, survival, and invasion [2].

Key molecular pathways involved in inflammation-driven 
cancer

Several molecular pathways play crucial roles in linking 
inflammation to cancer. Some of the most notable include:

NF-κB pathway: The Nuclear Factor kappa-light-chain-enhancer 
of activated B cells (NF-κB) signaling pathway is one of the most 
well-studied mechanisms linking inflammation to cancer. NF-κB is a 
transcription factor that controls the expression of genes involved in 
immune response, cell survival, and apoptosis. Chronic activation of NF-
κB can lead to persistent inflammation and contribute to tumorigenesis 
by promoting the expression of pro-inflammatory cytokines, survival 
factors (e.g., IL-6, TNF-α), and matrix metalloproteinases (MMPs) that 
aid in tissue invasion and metastasis.

COX-2 pathway: Cyclooxygenase-2 (COX-2), an enzyme induced 
during inflammation, catalyzes the production of prostaglandins that 
promote angiogenesis, cell proliferation, and inhibition of apoptosis. 
High levels of COX-2 have been observed in many types of cancer, 
including colorectal, breast, and lung cancers. The increased expression 
of COX-2 can also influence immune cell recruitment to the tumor 
microenvironment, further exacerbating inflammation [3].

JAK-STAT pathway: The Janus kinase-signal transducer and 
activator of transcription (JAK-STAT) pathway is another critical 
mediator of inflammation in cancer. Inflammatory cytokines, such 
as interleukins (IL-6 and IL-1), activate this pathway, leading to the 
expression of genes that promote cell survival, angiogenesis, and 
immune evasion. Chronic activation of JAK-STAT signaling is often 
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associated with cancer cell proliferation and metastasis.

Inflammasomes: Inflammasomes are multiprotein complexes that 
activate caspase-1 and induce the production of pro-inflammatory 
cytokines like IL-1β and IL-18. Dysregulated inflammasome activation 
has been linked to several cancers, including lung, gastric, and 
colorectal cancer. These cytokines contribute to tumorigenesis by 
enhancing immune cell recruitment, promoting tissue remodeling, and 
suppressing anti-tumor immune responses [4].

The tumor microenvironment and inflammation

Inflammation also contributes to the tumor microenvironment 
(TME), which consists of various cell types, including tumor cells, 
immune cells, fibroblasts, and endothelial cells. Inflammation-induced 
signaling pathways create a pro-tumor environment by enhancing 
tumor cell survival, proliferation, and invasion. For example, immune 
cells like macrophages, neutrophils, and T lymphocytes play dual roles 
in cancer: while they can inhibit tumor growth, they can also be hijacked 
by the tumor to promote inflammation, angiogenesis, and metastasis 
[5]. Cancer-associated fibroblasts (CAFs) and endothelial cells further 
contribute to the pro-inflammatory environment, facilitating tissue 
remodeling and metastasis.

Potential targets for prevention and treatment

Given the pivotal role of inflammation in cancer, targeting 
inflammation at the molecular level presents a promising approach 
for cancer prevention and treatment. Several therapeutic strategies are 
currently being explored:

Non-steroidal anti-inflammatory drugs (NSAIDs): NSAIDs, 
particularly COX-2 inhibitors, have been studied as potential 
chemopreventive agents. In preclinical and clinical studies, NSAIDs 
have shown potential in reducing the incidence of cancers, particularly 
colorectal cancer. However, the long-term use of COX-2 inhibitors has 
been limited due to concerns about cardiovascular toxicity [6].

Targeting the NF-κB pathway: Inhibitors of the NF-κB pathway 
are being actively researched as potential therapeutic agents in cancer 
treatment. Several small molecules that inhibit NF-κB activation, 
including proteasome inhibitors and specific NF-κB pathway blockers, 
are under investigation in clinical trials.
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JAK-STAT inhibitors: JAK inhibitors, such as ruxolitinib, are 
FDA-approved for the treatment of certain hematologic malignancies. 
These inhibitors are now being explored in solid tumors as part of 
combination therapies to reduce inflammation and improve the anti-
tumor immune response.

Cytokine blockade: Blocking pro-inflammatory cytokines such 
as IL-6, TNF-α, and IL-1β can be an effective strategy to reduce 
inflammation in the tumor microenvironment. Monoclonal antibodies 
targeting these cytokines have been developed and are being tested in 
clinical trials for various cancers [7].

Immunotherapy: Immune checkpoint inhibitors, such as PD-1 and 
CTLA-4 blockers, have revolutionized cancer treatment by enhancing 
the immune system’s ability to fight tumors. These therapies not only 
address the immune evasion mechanisms of cancer but also mitigate 
inflammation that may otherwise support tumor growth [8].

Conclusion
Inflammation is a critical driver of cancer, with chronic 

inflammation promoting tumorigenesis through the activation of 
various molecular pathways, including NF-κB, COX-2, and JAK-STAT. 
These inflammatory signaling pathways create a supportive tumor 
microenvironment that encourages cancer cell proliferation, survival, 
and metastasis. As our understanding of inflammation’s role in cancer 
continues to evolve, targeted therapies designed to modulate these 
inflammatory pathways offer promising prospects for cancer prevention 
and treatment. By targeting inflammation at both the molecular and 
cellular levels, researchers are paving the way for novel therapeutic 

strategies that may ultimately improve patient outcomes and reduce 
cancer incidence.
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