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Abstract
An in-depth investigation into the complicated relationship between inflammation and cancer provided  new findings. 

We explored new developments that shone a light on the involvement of inflammation in the emergence of many cancers 

in this study. What we know of this complex interaction has been shaped over time by historical observations that have 

transformed into molecular mechanistic findings. Understanding the importance of the invasion of immune cells in tumor 

micro-surroundings, gaining knowledge of the signaling mechanisms that control inflammation-induced carcinogenesis, 

and identifying inflammatory agents as possible biomarkers for diagnosis and the outlook may lead to novel therapeutic 

strategies and improved patient outcomes. The combination of immunotherapies and other treatment techniques offers 

a promising way to enhance therapeutic effects. The development of novel therapies like adoptive T-cell therapy and 
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Introduction
The complex relationship linking between inflammation 

and cancer development has become a fascinating and 
important area of study in the large field of studies into 
cancer. Scientific inquiry over the past couple of decades 

has established a strong connection between persistent 

inflammation and the emergence of cancer1. The current 

knowledge of the elements that contribute to cancer has 

been fundamentally altered by the progression from older 

ideas to newer-to-newer biochemical causal findings.

The earliest studies by nineteenth century 

scientists  suggested a connection between inflammation 

and cancer by mentioning immune cells in tumor 

microenvironments in their scientific reports1. Rudolf 

Virchow’s groundbreaking research illuminated the 

recruitment of leukocytes in tumors, setting the groundwork 

for examining the immune system’s function in the 

development of cancer2. Using this as a base, later studies 
shed light on the complex interactions between immune 
cells, cytokines, and tumor cells, spawning the field of 

immunology in cancer2,3. 

Knowledge of these complex relationships has 
advanced significantly with the development of ideas and 
theories related to inflammation and cancer. In one important 

study from the 1980s, Harold Dvorak suggested the idea 

of “tumor angiogenesis factor,” emphasizing the part that 
inflammation plays in encouraging angiogenesis and aiding 
tumor growth. This hypothesis sparked research into the role 

of inflammatory mediators in tumor angiogenesis, including 
VEGF (vascular endothelial growth factors) and interleukin-8 

(IL-8)4. Recent discoveries have highlighted the critical 
function of the tumor microenvironment in directing the 
interaction between cancer and inflammation5. Immune 
cells, such as neutrophils, T-cells, and macrophages, 
have become important elements in determining the 

tumor microenvironment. They can affect the course of 

the disease and the effectiveness of treatment by either 

promoting immune evasion by cancer cells or anti-tumor 

immune responses6,7.

Our knowledge has also increased as a 

result of comprehensive studies into the molecular 

mechanisms  that  support  the  development of cancer 

brought on by inflammation. Tumor cells surviving, dividing, 

and metastasizing have been linked to the nuclear factor 

(NF-κB) pathway, an important controller of inflammation. 

The Janus kinase-signal transducer and activator of 

transcription (JAK-STAT) mechanism has also been linked 
to tumor growth induced by inflammation and resistance 

to treatment8,9.

Inflammatory cytokines and chemokines have a role 
in coordinating the attraction and stimulation of immune 
cells inside the tumor microenvironment, according to 

research into their functions10. Tumor-promoting cytokines 

like tumor necrosis factor-alpha (TNFα), interleukin 6 (IL-
6) and immune-suppressive myeloid cell recruitment by 

chemokines like chemokine (C-C motif) ligand 2 (CCL2) 
result in an immunosuppressive tumor microenvironment10. 
Inflammatory markers have been identified as potential 

cancer biomarkers, which has sparked curiosity about 
utilizing them for diagnosing cancer early and predictions. 

oncolytic viral therapy further emphasizes how far we have come. The need to manage immune evasion mechanisms 
and improve these therapeutic approaches further are still problems. We describe the intriguing possibility of using 
inflammation as a tool for targeted treatment for cancer in this investigation, with possibilities for better patient outcomes 
and alternative treatment methods.
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The ability to forecast cancer risk using biomarkers like 
C-reactive protein (CRP) and interleukin-18 (IL-18) 
is already in clinical use, allowing for fast action and 
individualized plans for therapy11,12.

The identification of the role of inflammation in 
the advancement of malignant tumors has prompted 
an investigation into novel treatment strategies, and 
immunotherapies, such as immune checkpoint inhibitors, 
which specifically target pathways of inflammation, have 
demonstrated remarkable effectiveness in the treatment 
of several forms of cancer13. These treatments benefit 
from how well the immune system is able to recognize 
tumors, opening up new treatment options13,14. Additionally, 

combining immunotherapies with traditional therapy 

techniques has been identified as a viable approach 

to treatment. Immunotherapies have been used with 

chemotherapy, radiation therapy, and targeted medicines 

to strengthen immunity reactions against tumors, creating 

new opportunities for enhancing therapeutic results13.

Numerous novel medicines and active clinical trials 

highlight the dynamic character of this area as research 

advances. Adoptive T-cell treatment and oncolytic virus 

therapy are two cutting-edge therapeutic approaches 

that have the potential to use the capability of the body’s 

immunity to identify and eradicate cancer cells15,16. However, 

even with significant possible opportunities in this research 
area, some difficulties still need to be resolved. Intensive 

research is required to overcome the convoluted nature 

of the tumor microenvironment, solve immune evasion 
mechanisms, and mitigate probable side effects of immune 
therapy. Further studies must focus on the development 

of several indicators or biomarkers that can forecast which 

individuals will react most favorably to anti-inflammatory 
medication17.

Briefly said, scientific understanding of the biological 
mechanisms underpinning the link between inflammation 

and cancer has advanced from historical data.α Recent 
research has revealed how inflammation has a major effect 

on carcinogenesis, opening up new avenues for therapeutic 
approaches and better patient outcomes17. Researchers 
are improving our understanding of cancer by examining 
the complex interplay between immune cells, cytokines, 
and tumor cells. They are also paving the path for novel 
approaches that leverage the strength of inflammation for 
tailored cancer care.

Aims

• Investigate the intricate relationship between 
inflammation and cancer.

• Explore recent advancements in understanding 
inflammation’s role in cancer development.

• Highlight new insights into the relationship that exists 

between tumor cells, cytokines, and immune cells.

• Examine the inflammatory agents’  potential to 

serve as indicators regarding tumor detection and 

prediction.

• Evaluate the prospects of combining immunotherapies 

with traditional treatment techniques.

• Address knowledge gap. 

• Examine the nuanced and multifaceted connection 

between inflammation and cancer.

• Examine the molecular mechanisms underlying 

inflammation-induced carcinogenesis.

• Address the therapeutic potential of targeting 
inflammation in cancer treatment.

• Describe the connection between historical 

observations and current molecular mechanistic 

findings in the field. 
• Clarify insights into utilizing inflammation for more 

personalized and effective cancer treatment 

strategies.

Methodology
The review process’s approach involved a 

comprehensive literature review focused on the complex 

relationship between inflammation and cancer. The review 
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covered papers from the five years prior to mid-2023, to 
ensure the incorporation of the most recent advancements in 
the field. The search for relevant publications was conducted 
exclusively on PubMed and Google Scholar resulting in 
the identification of more than 47,668 publications directly 
related to the specified topic. The key terms used for this 
search were “Cancer” and “Inflammation”. 

The selection of studies was based on their 
exceptional contributions to understanding the interplay 
between inflammation and cancer, thereby establishing their 
significance within the field. 

Inflammation and cancer: historical perspective

The quest to understand the complex relationship 

linking inflammation and malignant tumors  began in the 

nineteenth century when scientists first started looking 

at this important relationship. As we set off on a journey 

through time, we learn about the amazing history of theories 

and hypotheses that have formed our understanding 

of how inflammation contributes to the development of 

malignancies. Early research conducted in the 1800s 

served as a springboard for understanding the potential 

linkage that exists between inflammation and cancer18. 

Visionary researchers noticed that the onset of some types 

of cancer frequently occurred concurrently with chronic 
inflammation, which aroused interest and motivated the 

pursuit of additional research. Numerous studies were 

conducted over the years, which helped give rise to a variety 
of hypotheses. According to Sir Percival Pott’s initiation-
promotion principle, prolonged irritation and inflammation 

brought on by outside stimuli could result in the occurrence 

of cancer19,20. The foundation for later research into the 

part variables in the environment play in the development 

of cancer was laid by this notion. The insight of “tumor-
promoting” inflammation first appeared in the early years 
of the twentieth century21. The hypothesis that inflammation 
may affect tumor growth and progression was first raised by 

the discovery of inflammatory cells infiltrating tumor tissues. 

This realization offered a fresh viewpoint on the connection 
between inflammation and cancer22.

The identification of particular inflammatory mediators 
and their signaling pathways in the middle of the 20th 
century added to our understanding. Scientists discovered 
how growth factors, cytokines, and chemokines coordinate 
the immune system’s responses and affect the behavior 
of cancer cells8. In the second part of the 20th century, the 
idea of the tumor microenvironment emerged, illuminating 
the intricate ties linking stromal, immune and tumor cells23. 
More in depth analysis of the tumor ecosystem brought to 
light the crucial part that inflammation plays in determining 
the cancerous cells’ microenvironment and regulating how 

cancer develops.

Our capacity to look deeply into the cellular 

mechanisms at the nexus of inflammation and cancer 

increased as science and technology approaches 

developed. The 21st century saw the development of 

powerful genetic and molecular approaches, which opened 

up fresh perspectives on the complex interactions between 

inflammation and cancer22. As scientists learn new things 

about inflammation and cancer daily because of new 

methods in genomics, proteomics, and molecular biology, 

our knowledge of it continues to change7. We are getting 

closer to game-changing developments in cancer therapy 
thanks to the cooperation of cross-disciplinary experimental 

groups. 

The historical association between inflammation and 
cancer have resulted in persistent interest in this complex 
interaction. The investigations of inflammation’s function in 

cancer have resulted in  significant developments in cancer 

therapy and prevention, from its early stages in the middle 
of the nineteenth century to the leading-edge studies of 
the present day. We set out on an ever-changing path 

of discovery, motivated by interests and a never-ending 

quest to solve the secrets of cancer’s complicated nature, 

by advancing on the solid groundwork built by forward-
thinking scholars of earlier times.
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Recent advances in understanding inflammatory 

pathways

A. Identification of key inflammatory mediators:

Innovative findings from recent studies have 
increasingly linked inflammation-related disorders to crucial 
inflammatory mediators22,24. The complicated system of 
cytokines, chemokines, and growth factors that controls the 
inflammatory response has been increasingly understood 
by experts, emphasizing their many roles in both healthy 
and pathological circumstances. The elucidation of these 
mediators has opened the door for specialized therapy 
strategies by shedding light on the molecular causes of 
inflammation25.

1. Cytokines: Proteins called cytokines are released 

by immune cells and other cell types. They are essential 

immune-mediated signaling chemicals. The functions of 

certain cytokines in inflammation and disease development 

have been clarified by recent investigations. In particular, 

biologic therapies for many inflammatory illnesses target 

tumor necrosis factor-alpha (TNFα), which has been 

identified as a key component in chronic inflammation26,27. 

Interleukins, a family of cytokines, play diverse roles in 

inflammation, immune responses, and tissue homeostasis. 

Advances in understanding the functions of specific 

interleukins have provided valuable insights into their 
contributions to inflammation-related diseases. For 

example, Interleukin-17 (IL-17), which is commonly linked 

to autoimmunity, has become an alternative focus for 
treatment28.

2. Chemokines: Chemotactic proteins such as 
chemokines draw immune cells to areas of inflammation. 

The diverse functions of several chemokines in immune 

cell recruitment and tissue-specific inflammation have been 
confirmed by many studies in the literature. Also, chronic 
inflammation and autoimmune disorders have been tied to 

the deregulation of chemokine signaling29.
Chemokines are peptides with a molecular mass 

of eight to eleven kDa that control cell-based chemotactic 

movement, adhesion, localization, and interactions between 
cells by attaching to G-protein–coupled receptors (GPCRs). 
They organize immune cell recruitment into tissues, control 
immune cell interactions, and modulate both30. Chemokines 
may serve as predictive indicators for a variety of blood and 
solid cancers since they promote tumor growth in cancer 
model organisms and create an immune-suppressive and 
secure tumor microenvironment (TME)6. They perform 
a variety of tasks, such as self-regulating chemokines 
that control the growth, blood vessel development, and 
chemotaxis of immunologic cells. Chemokines play a variety 
of roles in the immune response to tumors, influencing the 
microenvironment within the tumor that is made up of cancer 

cells, tissue-resident cells, and migrating immune cells. 

The phase of disease development, the level of immune 

cell stimulation, and the expression of the chemokine 

receptors all influence how the tumor-promoting  and 

tumor-blocking immunological responses are balanced by 

the chemokine system31. 

B. Signaling pathways involved in cancer 

promotion:

New discoveries from investigations into cancer have 

further explored the signaling pathways linking inflammation 

to the advancement of cancer, opening up new potential 

therapeutic and preventive options1-3.

1. NF-κB Signaling: Inflammation and immunological 
responses are mostly regulated by the NF-κB signaling 

pathway. Different cancers have been linked to dysregulation 

of NF-κB activation, which promotes tumor cell survival, 
growth, and invasion. It may be possible to stop the 
cancer-promoting  consequences of chronic inflammation 

by inhibiting NF-κB signaling13.

2. STAT3 Pathway: One more significant role player 

in inflammation-related cancer is the signal transmitter and 
promoter of transcription 3 (STAT3) network. Abnormal 
STAT3 activity has been associated with immune 

suppression, vascular development, and the persistence of 
malignancies.  In some cases, inhibiting STAT3 signaling 

may be a viable treatment plan for therapy in cancer9.
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3. Toll-like Receptors (TLRs): Pattern-recognizing 

receptors called toll-like receptors (TLRs) detect intrinsic 

and pathogen warning signs and trigger immune system 

reactions in response. Abnormal TLR activation is 

associated with the occurrence of malignancies and 

chronic inflammation. TLRs may be targeted to both reduce 

inflammation and slow the spread of malignancy32.

4. Inflammasomes: Pro-inflammatory cytokines like 

IL-1 and IL-18 are processed and secreted by multiprotein 

assemblies called inflammasomes. Cancer and chronic 

inflammatory diseases have both been linked to disrupted 

inflammasome activity. Pharmaceutical prospects are being 

explored for reducing the hazards of cancer related with 

inflammation by modulating inflammasome activity33.

New options for the research and discovery of anti-

inflammatory and immune-regulating cancer therapeutics 

are offered by recent improvements in our perceptions 

concerning inflammatory networks and how they function 

in cancer34. Scientists hope to reduce the void connecting 

inflammation and cancer biology by focusing on the 

inflammatory mediators and signaling pathways that support 

the growth of cancer. This will pave the way for personalized 

medicine strategies that focus on the inflammatory milieu 

in the battle aimed at cancer7,35.

The possible effects of cancer preventive measures, 

therapy, and treatment results have become more and 

more clear as a scientific study of inflammation-related 

mechanisms progresses7. Researchers and practitioners are 

well-positioned to capitalize on the complex relationships 

between inflammation and cancer to put together game-

changing treatment options and open up the means for the 

possibility in which inflammation-driven targeted therapy 

performs a critical role in overcoming this enormous 

public  health problem  by leveraging the capability of 

contemporary innovations, interdisciplinary partnerships, 

and cutting-edge approaches to therapy. Unquestionably, 

the continuous study of inflammatory pathways and their 

relationship to cancer will yield ground-breaking insights and 

raise fresh hopes for the fight against this deadly condition.

Figure 1 Inflammation causes NF-κB induction, which in turn causes the generation of pro-IL-1 and the inflammasome 

NLRP3’s stimulation, that then causes the expression of STAT that promotes cancer cell sustenance and 

metastasis. (Adapted from Zhang et al. 202212)
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Inflammation-driven tumor microenvironment

Cancerous tumor cells engage a variety of cells 

from the stromal area, antibody-producing cells, and matrix 

material elements in the complex and changing tumor 

surroundings. New studies  on the inflammatory tumor 

milieu  have highlighted its critical function in the onset, 

advancement and response to treatment of cancer36.

A. Immune cells and their impact on tumor 

progression

Recently published work has emphasized the 

numerous functions of immune system cells, including 

dendritic cells, macrophages, T-lymphocytes, and B-cell 

lymphocytes, inside the tumor surroundings1-3,37. In 

accordance with their physical characteristics and roles, 

cells of the immune system can either stimulate or inhibit 

the formation of tumors. The delicate equilibrium involving 

inflammation-related immune system reactions that are 

pro- and anti-inflammatory has major effects on the course 

of cancer and the health of sufferers38.

B. Tumor-associated macrophages (TAMs)

TAMs exert a considerable influence on the 

tumor’s microenvironment, have considerable flexibility 

and serve a variety of purposes. TAMs can take on many 

phenotypes, such as inflammation-promoting M1-type or 

anti-inflammation M2-type  morphologies, depending on 

the inflammatory environment. Their presence in the tumor 

microenvironment is linked to immune system avoidance, 

vasculature enhancement, and pro-malignancy activities38.

C. T-cells and cancer immunotherapy

In monitoring immune function and the production 

of cytotoxic agents against tumors, T-lymphocytes are 

essential players. Through the use of T-lymphocytes (as 

in Adoptive T-cell therapy) in attacking tumor-specific 

antigenic substances, recent developments in immune 

therapy for cancer have produced remarkable therapeutic 

outcomes in several cancer types. For immunotherapeutic 

techniques to be optimized and resistance to be overcome, 

further studies are required on the interactions between 

T-cell interaction involving T-lymphocytes and the tumor 

surroundings37.

D. Cytokines and chemokines’ function in 

modulating the microenvironment

Cytokines and chemokines are important 

inflammation-related substances that control interactions 

between cells and the immune system. Their secretion and 

signaling have an impact on the growth, spread, metastasis, 

and influx  of immune cells, as well as other aspects of 

oncology. The tumor milieu can be modified, and healthcare 

results can be improved by focusing on particular cytokines 

and chemokines39.

E. Extracellular matrix remodeling and cancer 

progression

The region  that surrounds the cells may undergo 

significant remodeling as a result of inflammation, changing 

the structural makeup of the tissue and contributing to tumor 

infiltration and spread. Recent studies have shed light on 

the function of inflammatory elements in the breakdown 

of extracellular matrices and the spread of cancer cells, 

including matrix metalloproteinases (MMPs). Inhibiting the 

activity of MMPs and other matrix-modifying enzymes may 

reduce the spread of cancer and increase patient survival40.

F. Therapeutic implications of the tumor 

microenvironment

Understanding the complexity of the inflammation-

driven tumor microenvironment has significant implications 

for cancer therapy. By triggering anti-tumor immune 

responses, inhibiting immunological checkpoints like 

cytotoxic T-lymphocyte–associated antigen 4 (PD-1)/

programmed death ligand 1 (PD-L1) and cytotoxic 

T-lymphocyte–associated antigen 4 (CTLA-4) has 

transformed the way that cancer is treated37,41,42. Additionally, 

combined approaches involving immunotherapies, 

chemotherapy, and targeted therapies are being explored to 

eliminate resistance to medications and improve a patient’s 
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chances of survival43.
 
The inflammation-driven tumor 

microenvironment represents a critical nexus where cancer 

cells, immune cells, and stromal components interact in a 

complex interplay that influences cancer development and 

treatment responses29. Recent advances in this field have 

offered useful perspectives into the multifaceted functions 

of immune cells, the effects of cytokines and chemokines, 

and the transformation of the extracellular matrix in tumor 

growth29. Armed with this knowledge, researchers and 

clinicians are poised to change the landscape of malignant 

tumor care, create novel approaches to immune-mediated 

therapy for cancer and targeted therapy, and improve 

patient outcomes. As we continue to decipher the intricacies 

of the inflammation-driven tumor microenvironment, we step 

closer to a future where personalized and targeted therapies 

provide improved care and bring hope  to conquering cancer 

and bringing hope to patients worldwide.

Inflammatory markers as potential cancer 

biomarkers

In the field of oncology, the quest for good and easily 

quantified cancer biomarkers remains active. Inflammatory 

indicators have received a lot of attention as prospective 

cancer biomarkers recently, giving promising opportunities 

for early detection, prognostication, and therapy response 

prediction in a variety of cancer types44.

A. Inflammatory signaling and cancer 

pathogenesis

Inflammation has an impact on the growth of blood 

vessels, the development of tumors, and the spread of 

cancer. Although blood-based diagnostics only work on 

advanced cancer, the identification of inflammatory markers 

can result in the development of novel cancer preventive 

and therapy strategies44.

Patients with metastatic uterine cancer have 

been reported to benefit from the therapeutic effects of 

phosphoglycerate kinase 1 (PGK1)45. Various studies 

have reported that patients with  raised PGK1 levels had 

higher rates of failing to respond to first-line treatment46,47. 

African American men with prostate cancer are frequently 

highlighted for tumor resistance to treatments41,48.

The nuclear mammalian target of rapamycin (mTOR) 

has been shown to be elevated among people with prostate 

cancer and other metastatic malignancies such as lung, 

breast, and colon cancer. Prostate cancers and microRNA 

disruption are linked to microRNA-99b-5p suppression41,42,49. 

Changes in DNA damage response genes (DDRGs) can 

foretell how a patient will respond to cisplatin therapy. The 

increased inflammatory response caused by COVID-19 has 

been associated with a number of age-related diseases, 

including cancer, and may hasten the aging process50-55. 

Neopterin (NPT) is a shared feature of different cancer 

subtypes as well as Duchenne muscular dystrophy (DMD). 

Impaired respiratory function has been examined in studies 

with DMD and genetically modified humanized mice given 

the spike protein (SP) of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2)54,55.

B. Cytokines and chemokines as biomarkers

Central mediators of the inflammatory response, 

cytokines and chemokines have shown promise as potential 

cancer biomarkers. In order to determine a possible 

correlation with the existence, phase, and severity of 

malignancy, many current studies are concentrating  on 

determining the concentrations of particular cytokines and 

chemokines in blood or tissue samples56. Different cytokine 

and chemokine profiles may reveal crucial data for the 

detection and outlook of cancers56.

1. C-reactive protein (CRP) and interleukin-18 

(IL-18) 

According to US FDA guidelines, CRP is one 

protein which may be accurately quantified from blood 

using a variety of techniques. Standard CRP levels (10 g/

ml) as well as elevated sensitivity CRP levels (10 g/ml) are 

two quantitative limits. CRP assessments are helpful for 



Journal of Health Science and Medical Research                                                   J Health Sci Med Res 2025;43(1):e202410829

Omiyale O, et al.Inflammation and Cancer: The Most Recent Findings

assessing the degree of progression of the disease since 

elevated levels of CRP are closely related to late-stage 

illness in a variety of malignancy phases57.

2. IL-18

The significance of IL-18 in tumor advancement 

with its relationship to patient prognosis and immune cell 

recruitment were examined in a research investigation by Gil 

M and Kim KE58. Although IL-18 mRNA levels have been 

found to be significantly lower in melanoma cells, patient 

prognosis is favorably connected with them58. Perforin 

and granzyme B activity indicate a positive correlation 

with IL-18 levels, which enhances an invasion of cluster 

of differentiation 8 (CD8+) T and Natural Killer cells. This 

suggests that IL-18 could serve as a prognostic marker for 

the long-term prognosis of melanoma58.

C. Immunological biomarkers and cancer 

immunotherapy   

By leveraging the body’s own immune system, this 

innovative therapeutic strategy has shown remarkable 

potential in the fight against cancer11,12. Immune cell subgroups 

and cytokine counts are examples of inflammatory markers 

that have been investigated as potential biochemical 

indicators for immunotherapy effectiveness. Making the most 

effective care options and enhancing clinical results may 

be possible if it is possible to determine individuals whose 

immune systems are at greater risk of negatively reacting 

to immune-mediated therapy6.

D. Inflammatory markers in liquid biopsies

Liquid biopsies have created novel possibilities for 

non-intrusive tumor surveillance and diagnosis. Inflammatory 

indicators can be seen in blood, urine, or other types of 

body fluids, including systemic inflammatory chemicals and 

cell-free DNA such as CD44-related markers associated 

with T-cell activation capable of being used to predict 

malignancy, CRP, neutrophil-to-lymphocyte ratio (NLR), 

lactate dehydrogenase (LDH) and tumor-derived exosomes 

(TDEs), vesicles released by tumor cells that can contain 

various inflammatory markers, etc44,57. Liquid biopsies could 

possibly identify cancer very early and provide actual time 

reaction to therapy tracking while relieving patients from 

invasive practices and revealing important medical data59.

Challenges and future Perspectives

Inflammatory indicators as cancer biomarkers have 

strong potentials, but there are still challenges in their use 

due to limitations in sensitivity and specificity44 which limit 

their widespread clinical usage. Future research aims to 

develop more sensitive marker panels as inflammatory 

markers such as C-reactive protein and erythrocyte 

sedimentation rate (ESR) show low sensitivity in detecting 

cancer, rendering them inappropriate as independent 

tests55,57. Chronic inflammation is also linked to immune 

escape, promoting tumor development. An interdisciplinary 

approach and long-term research are needed to develop 

reliable indicators and confirm their clinical usefulness44.

 

Inflammation and cancer treatment strategies

A positive new frontline in the fight against cancer is 

the incorporation of inflammation-driven cancer treatment 

approaches into the oncological arsenal. 

A. Targeting inflammatory pathways for cancer 

therapy

The focus of many cancer therapeutic research has 

shifted to the targeting of particular inflammatory pathways. 

In order to disrupt pathways that promote cancer, small 

molecule inhibitors, monoclonal antibodies, and other 

targeted treatments have been developed to interfere with 

crucial elements of inflammatory signaling, such as NF-κB, 

STAT3, and cyclooxygenase-2 (COX-2)8,9.

B. Immunotherapies harnessing the inflammatory 

response

By equipping the body’s natural defenses to identify 

and eliminate cells that are cancerous, immunotherapies 

targeting cancer have significantly changed the direction 
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of cancer care. Anti-PD-1/PD-L1 and anti-CTLA-4 

antibodies, among other immune checkpoint blockers, 

exhibit beneficial progress in a range of cancer types42. 

These immunotherapies use inflammation to counteract 

resistance and support long-lasting tumor fighting 

immunity6,42,37. 

C. Combinational approaches for enhanced 

efficacy

The tumor surroundings are a complicated biosphere 

wherein there is interplay between a number of variables 

which influences the development of cancer24. To improve 

treatment effectiveness, new strategies may combine 

conventional medicines with immunotherapies or specific 

medications. These integrated approaches show possibilities 

in eliminating resistance to therapies and providing better 

results for patients by utilizing the efficacy of the inflammation 

response to boost immune identification of malignant 

cells23,43.

D. Inflammation-targeted radio-sensitization

The mainstay of medical care for cancer, gamma ray 

therapy, causes harm to genetic material and leads to cell 

suicide. Recent studies have looked into how inflammation-

targeted radio-sensitization might improve the effectiveness 

of radiation therapy35. A fresh opportunity to improve 

radiation therapy and reduce side effects is provided by the 

ability of inflammatory mediators to modify the irradiation 

reaction in tumor cells and nearby cells and tissues60.

New technologies have increased the accuracy of 

radiation in treating cancerous growths and minimizing 

damage to healthy tissues. Treatment effectiveness has 

increased with greater knowledge of radiobiology, notably 

radiation sensitivity and tolerance13,61. Several radiation 

sensitizers and protectors have been created, but with 

mixed results indicating that more work needs to be done. 

Additional hope is provided by personalized medicine, which 

considers genetic differences, transcriptomes, proteomes, 

and immunity to cancer62.

1. Targeting tumor hypoxia

Solid malignancies frequently exhibit hypoxia, which 

has an impact on the outcome of numerous cancers. 

Hyperbaric oxygen and other hypoxic radiosensitizers 

increase locoregional regulation and freedom from disease. 

Aiming at hypoxia, though, has not had a clinically significant 

effect on radiation sensitization63.

2. Targeting radiation-induced DNA damage 

response signaling

Apoptosis is brought on by radiation-triggered DNA 

injury, notably double stranded breaks (DSB). Radiation 

resistance in breast tumors is caused by the poor-

functioning breast cancer gene 1 (BRCA1,2), which encodes 

a DNA DSB repair mechanism64.

3. Identifying a gene signature for radio-

response prediction

Personalized treatment is made possible by 

advances in genomic analysis, which help uncover breast 

cancer propensity regions, radiation-resistance genes, 

and recuperating radiotherapy results ratings. These 

developments have also improved patient outcomes for 

head and neck squamous cell carcinoma (HNSCC) and 

prostate cancer65.

4. Identifying radiation toxicity genes in normal 

tissues

The poor quality of life endured by cancer sufferers 

is impacted by irradiation damages in healthy tissues such 

as immediate radiotoxicity and chronic sequelae such as 

telangiectasia, fluid retention, and scarring through intricate 

molecular pathways13.

E. The role of inflammatory markers in treatment 

response prediction

Inflammatory markers have come into focus as 

potential predictors of cancer patients’ treatment outcomes. 

A shift in the concentrations of particular cytokines, 

chemokines, or immune cell subsets may offer important 

clues about how well a treatment works. Clinicians can 
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evaluate treatment response and change treatment 

regimens as necessary by monitoring inflammatory 

indicators (CD44-related markers such as CD44i35; is a 

criterion for rare cell abnormality and early-stage cancer. 

CD80; is a ligand for CTLA-4, inhibiting T-cell function. 

Tumors can subvert these interactions for immune escape 

and also CD86; is associated with poor treatment outcomes 

in some cancer types. Then Neutrophil-to-lymphocyte 

ratio (NLR), Lactate dehydrogenase (LDH) and Tumor-

derived exosomes (TDEs) while patients are receiving 

medication)10,26,66-68.

F. Precision Medicine and Inflammation-driven 

cancer therapy

Personalized medicine seeks to tailor therapeutic 

regimens in accordance with unique patient traits, such 

as tumor genetic profiles and immunological condition64. 

By selecting medicines that specifically target particular 

inflammatory pathways or immunological checkpoints, 

allowing healthcare providers to maximize  therapeutic 

efficacy while minimizing side effects by being aware of the 

inflammatory surroundings of each patient’s malignancy67.

1. Personalized radiation-immunotherapy

Genomic unpredictability, which results in the 

production of neoantigens, is an important characteristic of 

many cancers characteristic of cancer. Major histocompatibility 

complex (MHC) frameworks manage the presentation of 

these neoantigens and recognition of CD8+ T-cell receptors 

(TCR)43. Computational prediction of neoantigen peptide 

binding to MHC is a key step in current clinical trials using 

TCR-T cell therapies.  Immunotherapy, for instance PD-1 

and CTLA-4 inhibition, tends to be more effective in treating 

patients with genetic instability. Radiotherapy impairment, 

signals from inflammatory processes, and neoantigens can 

all have an impact on the biomarker neoantigen load, which 

is used in the treatment of cancer. In progressed urothelial 

cancer, one study reported  a greater correlation between 

immunotherapy reaction and mismatch repair deficiency 

(MMR), that is the presence of MMR deficiency has been 

shown to have implications for immunotherapy efficacy, with 

MMR-deficient tumors exhibiting a higher mutational burden 

and increased response to PD-1 blockade68.

2. Precision medicine and inflammation-driven 

cancer therapy

The outcome for proinflammatory breast cancer 

is mostly very poor, even with advancements in 

management. Pharmaceutical research utilizing conventional 

chemotherapeutics, targeted medicines, and immunotherapy 

requires a thorough understanding of inflammatory 

breast cancer biochemistry. The development of blood 

vessels estimated glomerular filtration rate (eGFR), JAK/

STAT, and the phosphatidylinositol-3-kinase (PI3K)/

AKT, and the mammalian target of rapamycin (PI3K/AKT/

mTOR) are examples of stimulated processes, however, 

their human studies efficacy is constrained. For example, 

biomechanical stimulation promotes blood vessel growth 

despite VEGFR-2 inhibition, indicating that both mechanical 

and biochemical stimuli can lead to increased VEGFR-2 

activation posing challenges in inhibiting blood vessel 

growth67.  

3. Precision medicine-identifying the right drug

In contrast to the limits of single gene mutational 

analysis, genetically complex tumors need extensive 

characterization utilizing DNA next-generation sequencing 

(NGS) for personalized treatment. Companion diagnostics 

are required to connect specific medications with unique 

genes69.

4. Correct dosage and timing for targeted 

therapy

Highly efficient cancer care depends on tracking 

therapy reaction, though it may prove difficult to anticipate 

resistance and relapse and to identify biologic indicators, 

particularly in people who have solid tumors70.
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5. Current progress in clinical trials for pediatric 

precision oncology

Children’s tumor genomics studies are limited, 

despite the positive outcomes of genomic tailored therapy 

for mature individual tumors. Repotrectinib, Ras-Raf-MEK-

ERK (mitogen-activated protein kinase/ERK kinase)/ERK 

(extracellular-signal-regulated kinase) pathway targets, and 

anaplastic lymphoma kinase (ALK) blockers are likewise 

being researched63,71.

By using the immunity system’s ability to recognize 

and destroy cancer cells, immunotherapies, aiming to 

provide customized treatments to suit the patient’s level of 

immune function and tumor features, personalized medicine 

techniques choose the best immunotherapy process for the 

best possible treatment outcomes66,67. We foresee even 

more finely honed and individualized immunotherapeutic 

approaches in the future as research works to analyze 

the interaction between the immune system and the tumor.

Challenges and future directions

Notwithstanding the potential of inflammation-driven 

therapy for cancer approaches, difficulties still exist in 

implementing these findings in clinical settings. The areas 

which require further studies and development of novel 

approaches include controlling therapy-related toxicities, 

resolving therapy resistance, and selecting appropriate 

individuals who will respond best to particular medicines68. 

Emerging therapies and clinical trials

The emerging medicines and clinical investigations 

stand out as a ray of hope in the complex world of cancer 

research and care, presenting great chances to transform 

cancer treatment41
.
 A rise in interest in cutting-edge therapy 

techniques that target inflammatory pathways, and the 

tumor microenvironment has been brought on by recent 

advances42,44.

A. Therapeutic approaches targeting inflam 

matory pathways

A wide range of prospective therapy options are 

provided by the central function inflammation plays in the 

initiation and spread of malignancy. In order to stop cancer 

development and spread, emerging medicines are being 

tested that target important inflammatory signaling pathways 

such JAK-STAT, NF-κB, and PI3K/AKT. By specifically 

deploying autologous  tumor-invading  lymphocytes and 

tumor-associated antigenic compounds (TAA), oncolytic 

viruses and adoptive T-cell therapy have the potential to 

revolutionize the way cancer is treated60,72-74. 

1. Oncolytic viruses

In light of recent improvements in viral administration 

and anticancer effectiveness, oncolytic viruses, which 

are reproducible by themselves  and selectively lyse 

malignancies, provide single-agent therapeutic results. In 

the past 15 years there have been many studies on virus 

strains possessing anticancer capabilities, and several are 

now going through phase I–III clinical trials71,73,74.

Clinical trials

Intratumoral injections have been mostly 

utilized in human studies for oncolytic viruses, while some 

research has also looked at infusion administration. The 

overall anticancer effectiveness is low, despite impressive 

biocompatibility and safety profiles. Oncolytic virotherapy 

may have prospects due to the success of low single-

agents like ONYX-01561,62,75-77.

More information 

Tumor-associated antigenic compounds (TAA) 

were found to have a significant role in the immune 

system’s ability to alter the immune response and actions 

of malignancies. Potent immunity against cancer cannot be 

produced without consideration of tumor-associated distress 

signs. An effective method of immune-mediated treatment 

is oncolytic virotherapy, which combines the accelerated 

release of TAA caused by carcinoma apoptosis  and 
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distress signs. Oncolytic viruses may increase the tumor 

microenvironment’s immune response, which may have an 

impact on the emergence of beneficial immune responses. 

It is anticipated that tumor cell death will increase the 

amount of tumor antigens (TAA) that dendritic cells (DC) 

can absorb16.

Future directions: synergistic treatment

Exploiting the immunotherapeutic abilities of 

oncolytic viruses through combination treatments treatment 

is a viable strategy. Virus administration and adoptive 

cellular treatment are innovative ideas with great potential, 

but they are constrained by T-cell trafficking75.

Antigen-specific adoptive T-cell therapy 

plus oncolytic virus administration has demonstrated 

improvement over other treatment methods alone. Human 

studies are now underway on monoclonal antibodies 

having immune system modulatory  capabilities, such as 

anti-cytotoxic T-lymphocyte antigen (CTLA4) and anti-

Vascular Endothelial Growth Factor antibodies. Oncolytic 

reovirus and radiotherapy can work together cooperatively 

to improve T-cell trafficking and the presentation of antigenic 

molecules75,76.

2. Adoptive T-cell therapy

Adoptive cell transfer (ACT) involves the administration 

of a population of cells, usually originating from the 

patient’s immune system or another person, in order to 

improve immune function. Allogeneic treatments involve 

the extraction and cultivation of cells from a donor who 

is genetically distinct from the recipient, while autologous 

cancer immunotherapy involves the collection of T-cells 

from the patient’s own body77.

ACT, tumor vaccines, and immunotherapy, such as 

immune checkpoint inhibitors, have influenced the way that 

cancer is treated by inducing the immune system’s ability 

to eliminate cancerous cells and reestablish immunological 

function. ACT, a biological approach that employs living 

cells, has produced encouraging outcomes in the treatment 

of blood cancers. Tumor-invading lymphocytes (TIL) 

therapy enhances antitumor effects by enriching CD8+ T 

cells and depleting regulatory T cells (Tregs), promising 

melanoma treatment and exploring for other solid tumors78. 

Despite being experimental, it’s a promising immunotherapy 

research area., researchers are creating novel ACTs built 

around Chimeric Antigen Receptors technology, and clinical 

investigations are increasing78,79.

Process

In order to generate lymphocytes, melanoma 

tumors are broken down into one-cell cultures. Within two 

to three weeks, these cells eliminate malignancies. They 

create clean cultures and enable reactivity testing79. It costs 

$75,000 to create modified T-cells, and interleukin-21 

could improve their performance63. Strep-tag II genetic 

sequences became initially available in 2016 to help with 

the cyclic guanosine monophosphate (cGMP) manufacture 

of modified T-cells. The results of therapy are correlated 

with development state, growth, and longevity64.

Research progress

Rosenberg found that indiv iduals wi th 

tumors that had spread might use autologous  tumor-

invading  lymphocytes  in adoptive cell therapy  to cause 

shrinkage of the tumor65,72. Having an Objective Response 

Rate  (ORR) of 50.0-71.0% and a full response rate 

of 27.0%, another investigation by Rosenberg in 2014 

produced encouraging findings68,73. Tumor-invading 

lymphocytes  therapy has been reported in one study to 

promote  the remission of advanced cervical carcinoma69,73. 

B. Cytokine-based therapies

Considering their numerous roles in immunological 

control and inflammation, cytokines have attracted attention 

as possible therapeutic agents in the fight against cancer. 

In preclinical and clinical investigations, cytokine-based 

treatments, such as IL-2 and IL-12, have demonstrated 

positive outcomes by either increasing anti-tumor immune 

responses or by directly triggering cancer apoptosis. The 
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development of cytokine-based therapeutics offers the 
potential to increase the range of available cancer therapy 
choices70.

1. Human drug studies for the CCL2/ C-C motif 

chemokine receptor 2 (CCR2) axis

Carlumab and MLN1202 are two medications that 
have been studied in human trials  that modulate the CCL2/
CCR2 transduction axis, although 12.1% of patients did not 
show significant improvement in their health status despite 
the treatment being administered70-71.

2. The  function of the CCL5/CCR5 axis in 

the development of cancer and human  studies of 

medications that target the axis

Breast tumors, leukemia that is acutely lymphocytic, 

myeloma multiplex, lymphoma of the Hodgkin variety, and 

colorectal tumors all have tumor cells that overproduce CCL5 

and its receptor, CCR572. Healthy duct epithelial cells 

or harmless breast growth  rarely contain CCL5, but 

malignancies can produce it. Breast malignancies induce 

mesenchymal stem cells (MSCs) to re-produce CCL5, that 

has a paracrine effect on tumor cells, according to in vivo 
studies73. The CCL5/CCR5 axis affects the development 
of blood-related cancers as well; greater levels have been 
found in acute myeloid leukemia patients, and tissue from 
Hodgkin lymphomas secretes more CCL5 than normal. 
The CCR5/CCL5 axis promotes growth of cancer cells, 
spread, and immune-modulating TME, and is essential for 
the development of a variety of solid malignancies74.

The aforementioned findings imply, in brief, that 
CCL5 and CCR5 are abundantly produced in a variety 
of cancers and encourage tumor growth and spread by 
enlisting immune cells. We hypothesize that CCL5/CCR5 
may be an avenue for intervention in cancer care due to the 

observation that CCR5 antibodies slow tumor development 

and decrease blood vessels development75.

The growth of malignancies depends on the CCL5/

CCR5 pathway and can be inhibited by employing CCR5 

blockers and antibody destruction to block CCL5. Studies 

in humans for medications that target this axis, such as 

maraviroc, vicriviroc, AZD5672, and leronlimab, that are 

Figure 2 The CCL2/CCR2 signaling axis regulates CCL2 and CCR2 expression, which is involved with tumor cell 

 behaviors and aids in the study and therapeutic management of cancer. (Adapted from Aldinucci et al., 202076)
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being administered for the treatment of Kaposi’s sarcoma, 

late breast, and pancreatic ductal malign and terminal 

CRC, are now underway. The safety and effectiveness 

of cenicriviroc, a double chemokine receptor inhibitor, are 

currently being examined77,78.

3. The CCL19/CCL21/CCR7 pathway’s functions 

in the development of cancer

Antigen exposure for immune response and T-cell-

driven reactions are greatly influenced by the CCL19/

CCL21/CCR7 transduction axis79. By boosting the immune 

system’s reaction, boosting CCL19 and CCL21 levels 

in tumors may help immune-oncology treatment. Direct 

administration of the CCL19 protein enhanced DCs, CD4+ 

and CD8+ T-cells and decreased immunosuppressive 

markers in mice lung and colorectal carcinoma models, 

thereby slowing cancer development79.

4. The CCL20/CCR6 axis in cancer progression

High CCL20 production has been linked to 

poor prognosis in patients suffering from cancers of the liver, 

and the CCL20/CCR6 axis has been associated with  tumor 

growth and migration in the tumor micro-environment80,81. 

C. Modulating the tumor microenvironment

A tumor’s growth and spread depend on the intricate 

interactions of cells of the immune system and surrounding 

(stromal)  cells that creates the tumor microenvironment. 

The goal of emerging therapies is to alter the tumor 

microenvironment to improve medication delivery, decrease 

angiogenesis, and stimulate anti-tumor immune responses. 

These novel methods offer a chance for combating 

resistance to therapy and improving the efficacy of already-

available medicines6,7.

D. Clinical trials: advancing therapeutic frontiers

Clinical trials act as a springboard for turning 

potential breakthroughs in science into real advantages 

for patients. Trials in humans are actively evaluating novel 

medicines that target pathways mediated by inflammation 

to determine their safety, effectiveness, and best course 

of action82. Participating in clinical trials gives patients 

access to innovative medicines while also advancing our 

understanding of novel therapies and enhancing methods 

of therapy.

Challenges and future directions

The search for advanced cancer medicines will not 

be without difficulties. Among the major challenges that 

doctors and scientists work to resolve include ensuring 

patient safety, optimizing medication combos, limiting 

potential unwanted effects, and drug resistance83. In order 

to advance and address these issues, collaboration between 

educational organizations and advocacy groups for patients 

will be of great help.

Conclusion
The coming years of cancer therapy are being 

shaped by new treatments and research trials. The 

investigation of novel therapeutic methods has the prospect 

of revolutionizing cancer care and improving patient 

outcomes as our knowledge of inflammation’s function in 

cancer continues to grow. We are on the verge of a new 

age in cancer treatment, one characterized by individualized, 

efficient, and less harmful medicines, thanks to the 

adoption of precision healthcare, immunotherapies, and 

targeted treatments that focus on inflammatory pathways 

and the tumor milieu. Clinical trials are the first step in 

transforming novel findings from the forefront of research 

into revolutionary methods that have the capacity to change 

the face of cancer treatment and enhance the lives of 

millions of patients worldwide.
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