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Abstract

The association between chronic inflammation and cancer has reshaped our understanding of tumorigenesis and cancer ther-
apy. Inflammatory responses can both promote and suppress cancer, depending on the context and timing. Key molecular
players, such as nuclear factor kappa-light-chain-enhancer of activated B cells, interleukin-6, signal transducer and activator
of transcription 3, and a variety of immune cell types, including tumor-associated macrophages, myeloid-derived suppressor
cells, and regulatory T cells, orchestrate an environment conducive to tumor survival, angiogenesis, metastasis, and immune
evasion. In recent years, immunotherapy, particularly immune checkpoint inhibitors, has revolutionized cancer treatment.
However, its success varies across tumor types and patients, underscoring the need to understand the tumor microenviron-
ment and inflammatory context. This review examines the mechanistic underpinnings of inflammation-driven cancer, discuss-
es translational research efforts targeting inflammatory pathways, and explores clinical applications, including the integration
of immunotherapy with anti-inflammatory agents and biomarkers for personalized treatment. Future directions in the field
include the application of artificial intelligence, microbiome research, single-cell technologies, and gene editing tools to further

tailor therapies and overcome resistance mechanisms.

Introduction

The connection between inflammation and cancer dates back to
the 19th century, when Rudolf Virchow proposed that tumors often
arise at sites of chronic inflammation. While his theory was initially
met with skepticism, modern molecular and cellular oncology has
validated many of his insights.! Today, inflammation is recognized
as one of the enabling characteristics of cancer development, inte-
grated into the updated Hallmarks of Cancer framework by Hanahan
and Weinberg.? Epidemiological and clinical data show that up to
20% of cancers are associated with chronic infections, autoimmune
diseases, or environmental exposures that trigger persistent inflam-
mation.®* Recent global studies estimate that inflammation-related
factors contribute to even higher proportions in specific regions,
with chronic infections like Helicobacter pylori and hepatitis viruses
accounting for over 15% of new cancer cases annually worldwide,
particularly in low- and middle-income countries.’

Inflammation contributes to all stages of cancer development—
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from initiation and promotion to progression and metastasis—
through a complex interplay between immune cells, inflammatory
mediators, and genetic alterations in epithelial or stromal cells.
Key cytokines such as interleukin (IL)-6 and tumor necrosis fac-
tor-alpha (TNF-a), transcription factors like nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB) and signal trans-
ducer and activator of transcription 3 (STAT3), and cell types such
as tumor-associated macrophages (TAMs) and myeloid-derived
suppressor cells (MDSCs) modulate these processes, creating a tu-
mor-supportive microenvironment.®’” Furthermore, inflammation
not only drives cancer progression but also impacts therapeutic
responses, particularly in the context of immunotherapy. Emerg-
ing evidence highlights how systemic inflammation can alter the
efficacy of treatments by influencing immune cell trafficking and
activation within the tumor microenvironment (TME). For in-
stance, persistent inflammatory states can lead to T-cell exhaustion
and reduced infiltration of effector cells, complicating responses
to checkpoint blockade.® This dual role of inflammation, as both
a driver of oncogenesis and a modulator of therapy, necessitates
a deeper exploration of its mechanisms and clinical implications.
The connection between cancer and inflammation is increas-
ingly robust, supported by mechanistic insights, translational re-
search, and multiple lines of clinical evidence. A key example is
the growing number of cross-disciplinary studies demonstrating
that anticancer drugs are being successfully repurposed or ap-
plied for inflammatory diseases and vice versa (Table 1).>-28 This
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comprehensive table summarizes approved or clinically investi-
gated drugs that have recently demonstrated the interplay between
cancer and inflammation. It includes cancer drugs repurposed for
inflammatory diseases and anti-inflammatory agents applied to
cancer treatment or prevention, highlighting shared immunologic
mechanisms (e.g., NF-xB, IL-6, STAT3) and clinical outcomes
from key trials (from 2020 to 2025, where available).

Recent advances have also underscored the role of lifestyle
and environmental factors in exacerbating inflammation-linked
cancer risk. Obesity, for example, induces low-grade chronic in-
flammation through adipose tissue-derived cytokines, increasing
the incidence of cancers such as breast, colorectal, and endome-
trial cancers.?® Similarly, tobacco smoke and air pollution trigger
inflammatory pathways that promote lung carcinogenesis. These
insights have spurred preventive strategies, including anti-inflam-
matory diets and chemoprevention with agents like aspirin, which
have shown promise in reducing cancer incidence in high-risk pop-
ulations.>* As we delve further, this review will expand on these
foundations, incorporating the latest mechanistic, translational,
and clinical developments to provide a comprehensive overview.

Mechanistic insights into cancer-associated inflammation

Inflammatory signaling pathways

NF-xB is a central transcription factor activated in response to
various stressors, including microbial products, cytokines, and
oncogenic signals. Persistent NF-kB activation upregulates anti-
apoptotic genes, cytokines, and chemokines such as IL-1, IL-6,
and C-X-C motif chemokine ligand 8, facilitating tumor growth,
angiogenesis, and immune evasion.’! NF-kB also promotes epithe-
lial-to-mesenchymal transition, a key step in metastasis.’? Recent
studies have elucidated how NF-kB interacts with other pathways,
such as PI3K/AKT, to amplify inflammatory responses in hypoxic
tumor environments, further driving resistance to apoptosis and
therapy.®

STATS3, activated by IL-6 and other cytokines via the JAK path-
way, supports tumorigenesis by promoting cell proliferation, sur-
vival, angiogenesis, and immunosuppression. STAT3 also inhibits
the expression of pro-inflammatory signals needed for immune
activation, establishing an immunosuppressive milieu.3*35 In ad-
dition, STAT3 crosstalk with HIF-1o under hypoxic conditions
enhances metabolic reprogramming in cancer cells, favoring gly-
colysis and lactate production that sustains inflammation.3¢

Cyclooxygenase-2 (COX-2) and prostaglandins: The enzyme
COX-2 is overexpressed in various cancers and contributes to tu-
mor growth through the production of prostaglandin E2 (PGE2),
which enhances cell proliferation, inhibits apoptosis, and suppress-
es immune responses.’” Newer research links PGE2 to the recruit-
ment of MDSCs and the polarization of macrophages toward an
M2 phenotype, exacerbating immunosuppression.3

Immune cell infiltrates in the TME

The TME is rich in immune and stromal cells whose polarization

and function are shaped by inflammatory cues.

* TAMs often exhibit an M2-like phenotype characterized by IL-
10 and transforming growth factor-beta (TGF-f) secretion, ex-
tracellular matrix remodeling, and promotion of angiogenesis.
Their abundance is associated with poor prognosis in breast,
ovarian, and pancreatic cancers.? Recent single-cell analyses
reveal heterogeneity within TAM populations, with subsets
expressing pro-inflammatory markers that could be repro-

Yang W.: Interplay between cancer and inflammation

grammed for anti-tumor effects.*’

* MDSCs expand under chronic inflammation and suppress T-
cell responses via arginase, nitric oxide, and TGF- pathways.
They are prominent in colon, breast, and lung cancers and cor-
relate with resistance to checkpoint blockade.*! Studies from
2024 indicate that MDSC-derived exosomes carry miRNAs that
further dampen T-cell activation.*?

* Regulatory T cells (Tregs) infiltrate the TME and secrete IL-
10 and TGF-B, inhibiting effector T-cell activity and facilitating
immune escape. High Treg infiltration is a negative prognostic
indicator in many cancers, including melanoma and hepatocel-
lular carcinoma.** Emerging data suggest Tregs interact with
cancer-associated fibroblasts to sustain fibrotic niches that im-
pede drug penetration.

» Tumor-associated neutrophils can adopt an N2 phenotype that
supports tumor growth, angiogenesis, and metastasis, particu-
larly in lung and gastric cancers.** However, under certain in-
flammatory contexts, tumor-associated neutrophils can shift to
an N1 anti-tumor state, highlighting the potential for therapeutic
modulation.*s

Additional pathways and interactions

Beyond core pathways, the inflammasome—multiprotein com-
plexes like NLR family pyrin domain containing 3 (NLRP3)—
plays a pivotal role by activating caspase-1 and releasing IL-1f
and IL-18, which can either promote or suppress tumor growth
depending on context.*® Inflammasome activation in response
to cellular damage or microbial signals amplifies inflammation,
contributing to pyroptosis, a form of inflammatory cell death that
releases damage-associated molecular patterns to further fuel the
cycle.*” Moreover, epigenetic modifications, such as histone acet-
ylation influenced by inflammatory cytokines, regulate gene ex-
pression in cancer cells, perpetuating oncogenic signaling.*® These
interactions underscore the multifaceted nature of inflammation in
cancer, where feedback loops between signaling pathways and im-
mune cells create resilient tumor ecosystems.

Inflammation in specific cancer types

To better illustrate the immunologic interplay, this section exam-
ines inflammation’s role in select cancers, drawing on recent evi-
dence.

Colorectal cancer (CRC)

Chronic inflammation, often driven by inflammatory bowel dis-
ease or microbial dysbiosis, is a major risk factor for CRC. Dys-
regulated NF-kB and STATS3 signaling in epithelial cells promotes
mutagenesis and proliferation, while TAMs and MDSCs foster
an immunosuppressive TME.*’ Recent studies highlight how gut
microbiota alterations exacerbate inflammation via lipopolysac-
charide release, activating toll-like receptor 4 and perpetuating
carcinogenesis.** In 2024, analyses showed that high NLRP3
inflammasome activity correlates with advanced stage and poor
prognosis in CRC, suggesting targeted inhibitors as adjuncts to
therapy. 0

Lung cancer

In non-small cell lung cancer (NSCLC), tobacco-induced inflam-
mation activates COX-2/PGE2 pathways, recruiting neutrophils
and macrophages that support metastasis.>® KRAS mutations
further amplify inflammatory signaling, leading to IL-6/STAT3-
driven immunosuppression.! Recent data from 2024 indicate that
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air pollution particulates trigger sterile inflammation via NLRP3,
linking environmental factors to increased incidence and resist-
ance to immune checkpoint inhibitors (ICIs).5

Breast cancer

In triple-negative breast cancer, inflammation via androgen recep-
tor signaling promotes epithelial-to-mesenchymal transition and
metastasis.> Obesity-related adipose inflammation releases leptin
and IL-6, enhancing MDSC accumulation and Treg function.?
Reviews from 2024 emphasize how inflammatory biomarkers like
C-reactive protein (CRP) predict response to neoadjuvant therapy,
guiding personalized approaches.

These examples demonstrate how inflammation’s context-spe-
cific effects vary by cancer type, informing tailored interventions.

Immunotherapy and the inflammatory context

Immune checkpoint inhibition

Checkpoint molecules such as programmed death 1 (PD-1), pro-
grammed death-ligand 1 (PD-L1), and cytotoxic T-lymphocyte-as-
sociated protein 4 (CTLA-4) act as physiological brakes on T-cell
activation to prevent autoimmunity. Tumors exploit these path-
ways to avoid immune destruction. Checkpoint inhibitors target-
ing these molecules have revolutionized oncology, with approvals
across melanoma, lung, bladder, kidney, and head and neck can-
cers.53* Anti-PD-1 antibodies (e.g., nivolumab, pembrolizumab)
and anti-PD-L1 antibodies (e.g., atezolizumab) have demonstrated
durable responses in subsets of patients, though only 20-40% re-
spond in many cancers.>> Recent approvals in 2024-2025 include
combinations with novel checkpoints like lymphocyte-activation
gene 3 (LAG-3) (e.g., relatlimab) for melanoma, enhancing effi-
cacy in inflamed tumors. Inflammatory markers such as high base-
line IL-6 predict resistance, as they promote PD-L1 expression and
T-cell exhaustion.¢

Chimeric antigen receptor T-cell (CAR-T) cell therapy and
beyond

CAR-T therapies have achieved remarkable success in hematologic
malignancies, notably B-cell leukemias and lymphomas. Solid tu-
mors pose greater challenges due to antigen heterogeneity and immu-
nosuppressive TMEs.57 Next-generation CAR-T strategies include
armored CARs, bispecific CARs, and switchable CARs. Clustered
regularly interspaced short palindromic repeats (CRISPR)-edited
CAR-T cells, with knocked-out PD-1 or enhanced cytokine secre-
tion, have shown improved persistence in inflammatory TMEs, as
demonstrated in 2024 trials for solid tumors.®

Cancer vaccines and oncolytic viruses

Therapeutic vaccines such as Sipuleucel-T for prostate cancer aim
to prime the immune system against tumor antigens. Personalized
neoantigen vaccines are being trialed for melanoma and NSCLC.%°
Oncolytic viruses like talimogene laherparepvec selectively infect
and kill cancer cells while stimulating immune responses. Recent
2024 studies combined vaccines with anti-inflammatory agents to
mitigate suppressive effects in high-inflammation tumors.%

Tumor-infiltrating lymphocytes (TILs) and adoptive cell transfer

TILs isolated from tumors and expanded ex vivo have shown effi-
cacy in melanoma and cervical cancer. New methods using CRIS-
PR to enhance T-cell persistence and resistance to exhaustion are
in development.®! In inflamed TMEs, TIL therapy benefits from
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pre-treatment with IL-2 to counter MDSC suppression, with 2024
data showing improved outcomes in NSCLC.5?

Emerging immunotherapies

Bispecific T-cell engagers and antibody-drug conjugates (ADCs)
target inflammatory markers for precise delivery. For instance,
bispecific T-cell engagers against CD3 and tumor antigens recruit
T cells despite suppressive inflammation.®* These advances high-
light how modulating inflammation can enhance immunotherapy
efficacy.

Preclinical translational advances in inflammation-targeting
therapies

Drug repurposing: non-steroidal anti-inflammatory drugs
(NSAIDs), COX-2 inhibitors, and statins

Epidemiological studies show reduced colorectal and breast can-
cer risk with long-term aspirin use. COX-2 inhibitors reduce polyp
formation in familial adenomatous polyposis.3 Statins may lower
cancer risk by inhibiting mevalonate pathways linked to inflam-
mation. Recent meta-analyses from 2024 confirm aspirin’s role in
preventing metastasis in inflamed tumors.%*

Targeting cytokines: IL-6 and TNF-a

Tocilizumab (IL-6R inhibitor) and siltuximab (IL-6 antibody)
are in trials for multiple myeloma and ovarian cancer. Anti-TNF
agents such as infliximab have shown efficacy in inflammation-
associated cancers but also carry risks of immunosuppression.®3
Trials in 2025 combine IL-6 blockers with ICIs to overcome resist-
ance in pancreatic cancer.%®

Blocking NF-xB and STAT3

Inhibitors of IkB kinase and STAT3 are under preclinical and ear-
ly-phase clinical investigation. Bortezomib, a proteasome inhibitor
approved by the U.S. Food and Drug Administration for myelo-
ma, suppresses NF-kB activation and inflammation-driven tumor
growth.%” Novel small-molecule STAT3 inhibitors show promise
in reducing MDSC accumulation in preclinical models.5

Preclinical models and multi-omics platforms

Humanized mouse models allow testing of human immune re-
sponses to inflammation-targeting therapies. Integrated multi-
omics (genomics, transcriptomics, proteomics, metabolomics)
provides deep insights into inflammatory pathways in individual
tumors.® Single-cell multi-omics in 2024 revealed spatial hetero-
geneity in inflammatory niches, guiding targeted therapies.”?

Nanomedicine and targeted delivery

Nanoparticles engineered to deliver anti-inflammatory agents se-
lectively to the TME minimize systemic toxicity. Lipid nanopar-
ticles targeting TAMs reprogram them toward M1 phenotypes, as
shown in 2024 studies on breast cancer.”! This approach bridges
translational gaps by enhancing drug bioavailability in inflamed
tissues.

Clinical strategies and biomarker integration

Inflammatory biomarkers

CRP, IL-6, and the neutrophil-to-lymphocyte ratio are routinely
evaluated for their prognostic and predictive value.”?> Elevated
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CRP and IL-6 are associated with reduced ICI efficacy and sur-
vival in melanoma and NSCLC. Recent 2024 analyses identify
the pan-immune-inflammation value as a superior predictor in ad-
vanced cancers.”?

Predictive biomarkers for immunotherapy

PD-L1 expression by IHC is used to guide ICI therapy in NSCLC,
triple-negative breast cancer, and urothelial carcinoma. Tumor
mutational burden and microsatellite instability also predict ICI
responses.’* Emerging biomarkers include circulating tumor DNA
and gut microbiome signatures, with 2024 reviews emphasizing
multi-omics integration for precision.”

Combination approaches

Combining ICIs with anti-inflammatory drugs (e.g., aspirin),
VEGF inhibitors (e.g., bevacizumab), chemotherapy, or radiation
has improved efficacy in several trials. These regimens aim to
overcome primary or acquired resistance.’® Trials in 2024 on CRC
combine ICIs with microbiome modulators to reduce inflamma-
tion and boost responses.”’

Managing immune-related adverse events (IRAEs)

IRAESs can affect any organ system. Endocrinopathies, pneumoni-
tis, and colitis are among the most common. Early identification
and immunosuppression with corticosteroids or TNF inhibitors are
critical for management.”® Protein biomarkers like sCD25 predict
IRAE risk, enabling proactive monitoring.”®

Personalized medicine frameworks

Artificial intelligence (Al)-driven models integrate biomarkers to
stratify patients, predicting inflammation-driven resistance and
guiding combinations. Platforms in 2024 use machine learning on
multi-omics data for real-time adjustments.8?

Future perspectives

Microbiome and inflammation

The gut microbiota profoundly influences systemic immunity and
ICI outcomes. Specific microbial taxa, such as Bifidobacterium
and Akkermansia, are associated with better responses. Clinical
trials using probiotics and fecal microbiota transplantation are on-
going.81 2024 research links microbiome dysbiosis to heightened
inflammation and lung cancer progression, with metabolites like
short-chain fatty acids modulating TME immunosuppression.>!
Future interventions may include microbiome editing via CRISPR
to enhance anti-tumor immunity.>8

AI and machine learning

Al models can integrate complex biomarker data to predict treat-
ment responses and IRAE risks. Algorithms trained on genomic,
transcriptomic, and clinical data are being validated in prospective
studies.®? In 2024, Stanford-developed Al predicts cancer progno-
ses by analyzing inflammation patterns in imaging and text data.
Machine learning also optimizes CAR-T design by forecasting in-
flammatory resistance.

Gene editing and synthetic biology

CRISPR-Cas9 allows precise editing of immune checkpoints and
cytokine pathways in T cells. Synthetic circuits enable real-time
modulation of immune responses. These tools hold potential for
next-generation cell therapies.®® 2024 reviews detail CRISPR’s
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role in enhancing CAR-T efficacy by editing exhaustion genes
in inflammatory TMEs.3* RNA-editing variants offer reversible
modifications to tune inflammation without permanent changes.?3

Single-cell and spatial omics

Single-cell RNA sequencing and spatial transcriptomics reveal
the heterogeneity of immune and inflammatory cells within tu-
mors. These technologies are key to identifying new therapeutic
targets and resistance mechanisms. 2024 studies using single-cell
multi-omics uncovered vulnerabilities in immunotherapy-resistant
TMEs, such as MDSC clusters driven by inflammation. Integrat-
ing these with Al will enable dynamic mapping of inflammatory
evolution.

Nanotechnology and liquid biopsies

Nanoprobes targeting inflammatory markers could enable real-
time TME monitoring. Liquid biopsies detecting inflammatory cir-
culating tumor DNA signatures predict responses noninvasively,
as per 2024 advancements.%¢ These innovations promise to bridge
gaps in current therapies.

Other areas where the interplay between cancer and inflamma-
tion may prove significant in the future

First, emerging technologies such as nanotechnology and ADCs
could facilitate tumor-specific delivery of anti-inflammatory agents.
These technologies provide targeted approaches by utilizing nano-
particles to deliver anti-inflammatory agents directly to the TME,
thereby reducing systemic toxicity. Additionally, ADCs can be en-
gineered to bind specifically to tumor-associated antigens, releas-
ing anti-inflammatory payloads only upon internalization by cancer
cells, thus enhancing precision and efficacy. Secondly, rational com-
bination therapies can be designed based on pharmacological prin-
ciples such as synergy and overcoming resistance. This approach
can leverage pharmacological synergy by pairing anti-inflammatory
agents with immunotherapies, including checkpoint inhibitors, to
boost immune responses while mitigating inflammation-driven re-
sistance. Furthermore, sequential or dose-adjusted combinations can
target multiple pathways, such as NF-kB and STAT3, to prevent tu-
mor adaptation and improve therapeutic outcomes. Lastly, patient
genetic profiles may be employed to predict the efficacy and toxicity
of anti-inflammatory drugs. Genetic profiling can identify polymor-
phisms in cytokine pathways or drug-metabolizing enzymes, such
as CYP450, to forecast individual responses and customize anti-
inflammatory treatments accordingly. Moreover, analyzing genetic
markers linked to immune-related adverse events can help anticipate
toxicity risks, enabling personalized dosing strategies to optimize
both safety and efficacy.

Conclusions

Cancer-related inflammation acts as a double-edged sword—
while it can prime anti-tumor immunity, chronic and unresolved
inflammation fosters tumorigenesis, immune evasion, and therapy
resistance. Integrating inflammation-targeting strategies with im-
munotherapy and biomarker-driven approaches offers a promising
path toward personalized and durable cancer treatment. As sum-
marized in a schematic illustration (Fig. 1), this review provides a
comprehensive overview of the intricate bidirectional relationship
between cancer and inflammation, encompassing signaling path-
ways, therapeutic selections, biomarkers, preventive strategies,
and emerging technologies. Numerous lines of clinical evidence
have established a solid foundation for this linkage, and thorough
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Fig. 1. A schematic illustration presenting a comprehensive overview of the intricate bidirectional relationship between cancer and inflammation. The
linkages between cancer and inflammation are built around various aspects, including signaling pathways, therapeutic selections, biomarkers, preventive
strategies, and emerging technologies. Key inflammatory signaling pathways (NF-kB, STAT3, COX-2, HIF-1a, NLRP3 inflammasome) and cytokines (IL-6,
TNF-a) drive tumorigenesis and immune evasion. The figure highlights diagnostic markers (CRP, IL-6, NLR, PIV) and predictive indicators (microsatellites),
alongside therapeutic strategies, including immunotherapies (PD-1, PD-L1, CTLA-4, CAR-T, LAG-3, vaccines, BiTEs, TILs), and preventive approaches (aspirin,
NSAIDs, anti-inflammatory agents, microbiome modulation). Translational advances and clinical applications, such as integrating immunotherapy with anti-
inflammatory agents, are emphasized to underscore personalized treatment and resistance management. BiTEs, bispecific T-cell engagers; CAR-T, chimeric
antigen receptor T-cell; COX-2, cyclooxygenase-2; CRP, C-reactive protein; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; HIF-1a, hypoxia-inducible
factor-1a; IL-6, interleukin-6; LAG-3, lymphocyte-activation gene 3; mAb, monoclonal antibody; NF-kB, nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells; NLR, neutrophil-to-lymphocyte ratio; NLRP3 inflammasome, NOD-, LRR-, and pyrin domain-containing protein 3 inflammasome; NSAIDs,
non-steroidal anti-inflammatory drugs; PD-1, programmed death 1; PD-L1, programmed death-ligand 1; PIV, pan-immune-inflammation value; STAT3, signal
transducer and activator of transcription 3; TILs, tumor-infiltrating lymphocytes; TNF-a, tumor necrosis factor-alpha.

References
[1]

investigation into this topic could yield an in-depth understand-
ing of the mechanisms of action, ultimately leading to improved

. . : < . Balkwill F, Mantovani A. Inflammation and cancer: back to Vir-
therapeutics and interventions for both conditions. With recent

chow? Lancet 2001;357(9255):539-545. doi:10.1016/50140-6736

advances in microbiome modulation, Al prediction, gene editing,
and single-cell technologies, the field is poised for transformative
progress. Continued investment in mechanistic research, trans-
lational innovation, and clinical validation is essential to fully
realize the therapeutic potential of modulating inflammation in
oncology, ultimately improving patient outcomes across diverse
cancer types.

Acknowledgments

None.

Funding

No funding was received.

Conflict of interest

WY is employed by ClinBridge Biotechnology Co. Ltd. The au-
thor declares no other conflicts of interest.

Author contributions

WY is the sole author of the manuscript.

DOI: 10.14218/JERP.2025.00045 | Volume 10 Issue 4, December 2025

(00)04046-0, PMID:11229684.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation.
Cell 2011;144(5):646-674. doi:10.1016/j.cell.2011.02.013, PMID:
21376230.

Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and
cancer. Cell 2010;140(6):883-899. doi:10.1016/j.cell.2010.01.025,
PMID:20303878.

Coussens LM, Werb Z. Inflammation and cancer. Nature
2002;420(6917):860—867. doi:10.1038/nature01322, PMID:12490959.
Turizo-Smith AD, Cérdoba-Hernandez S, Mejia-Guarnizo LV, Mon-
roy-Camacho PS, Rodriguez-Garcia JA. Inflammation and cancer:
friend or foe? Front Pharmacol 2024;15:1385479. doi:10.3389/
fphar.2024.1385479, PMID:38799159.

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflamma-
tion. Nature 2008;454(7203):436—444. doi:10.1038/nature07205,
PMID:18650914.

Kuraishy A, Karin M, Grivennikov SI. Tumor promotion via injury-
and death-induced inflammation. Immunity 2011;35(4):467-477.
doi:10.1016/j.immuni.2011.09.006, PMID:22035839.

Paschold L, Schultheiss C, Schmidt-Barbo P, Klinghammer K, Hahn D,
Tometten M, et al. Inflammation and limited adaptive immunity pre-
dict worse outcomes on immunotherapy in head and neck cancer.
NPJ Precis Oncol 2025;9(1):272. doi:10.1038/s41698-025-01020-6,
PMID:40764401.

Cronstein BN. Low-dose methotrexate: a mainstay in the treat-
ment of rheumatoid arthritis. Pharmacol Rev 2005;57(2):163-172.
doi:10.1124/pr.57.2.3, PMID:15914465.

[10] Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano

[4]

[5]

(6]

[7]

(8]

[0l


https://doi.org/10.14218/JERP.2025.00045
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1016/S0140-6736(00)04046-0
http://www.ncbi.nlm.nih.gov/pubmed/11229684
https://doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
https://doi.org/10.1016/j.cell.2010.01.025
http://www.ncbi.nlm.nih.gov/pubmed/20303878
https://doi.org/10.1038/nature01322
http://www.ncbi.nlm.nih.gov/pubmed/12490959
https://doi.org/10.3389/fphar.2024.1385479
https://doi.org/10.3389/fphar.2024.1385479
http://www.ncbi.nlm.nih.gov/pubmed/38799159
https://doi.org/10.1038/nature07205
http://www.ncbi.nlm.nih.gov/pubmed/18650914
https://doi.org/10.1016/j.immuni.2011.09.006
http://www.ncbi.nlm.nih.gov/pubmed/22035839
https://doi.org/10.1038/s41698-025-01020-6
http://www.ncbi.nlm.nih.gov/pubmed/40764401
https://doi.org/10.1124/pr.57.2.3
http://www.ncbi.nlm.nih.gov/pubmed/15914465

J Explor Res Pharmacol

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

A, Aletaha D, et al. EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2022 update. Ann Rheum Dis 2023;82(1):3-18.
doi:10.1136/ard-2022-223356, PMID:36357155.

Cohen SB, Emery P, Greenwald MW, Dougados M, Furie RA,
Genovese MC, et al. Rituximab for rheumatoid arthritis refractory to
anti-tumor necrosis factor therapy: Results of a multicenter, rand-
omized, double-blind, placebo-controlled, phase Il trial evaluating
primary efficacy and safety at twenty-four weeks. Arthritis Rheum
2006;54(9):2793-2806. doi:10.1002/art.22025, PMID:16947627.
Keystone EC, Kavanaugh AF, Sharp JT, Tannenbaum H, Hua Y, Teoh LS,
et al. Radiographic, clinical, and functional outcomes of treatment
with adalimumab (a human anti-tumor necrosis factor monoclonal
antibody) in patients with active rheumatoid arthritis receiving con-
comitant methotrexate therapy: a randomized, placebo-controlled,
52-week trial. Arthritis Rheum 2004;50(5):1400-1411. doi:10.1002/
art.20217, PMID:15146409.

Rathoon Al, Gurusamy V, Ganesan V, Arivazhagan S, Yaswanth C. A
Long-Term follow-up Study of Lupus Nephritis in a Single Tertiary
Care Centre. Indian J Nephrol 2022;32(6):595-599. doi:10.4103/ijn.
ijn_501_21, PMID:36704597.

Jayne D, Rasmussen N, Andrassy K, Bacon P, Tervaert JW, Dadon-
iené J, et al. A randomized trial of maintenance therapy for vas-
culitis associated with antineutrophil cytoplasmic autoantibodies.
N Engl J Med 2003;349(1):36—44. doi:10.1056/NEJM0a020286,
PMID:12840090.

Present DH, Rutgeerts P, Targan S, Hanauer SB, Mayer L, van
Hogezand RA, et al. Infliximab for the treatment of fistulas in pa-
tients with Crohn’s disease. N Engl J Med 1999;340(18):1398-1405.
doi:10.1056/NEJM199905063401804, PMID:10228190.

Mostafa TM, Alm EI-Din MA, Rashdan AR. Celecoxib as an adjuvant
to chemotherapy for patients with metastatic colorectal cancer: A
randomized controlled clinical study. Saudi Med J 2022;43(1):37-44.
doi:10.15537/smj.2022.43.1.20210574, PMID:35022282.

Rudolph D, Steegmaier M, Hoffmann M, Grauert M, Baum A,
Quant J, et al. Bl 6727, a Polo-like kinase inhibitor with improved
pharmacokinetic profile and broad antitumor activity. Clin Cancer
Res 2009;15(9):3094-3102. doi:10.1158/1078-0432.CCR-08-2445,
PMID:19383823.

Hofheinz RD, Al-Batran SE, Hochhaus A, Jager E, Reichardt VL, Fritsch
H, et al. An open-label, phase | study of the polo-like kinase-1 in-
hibitor, BI 2536, in patients with advanced solid tumors. Clin Cancer
Res 2010;16(18):4666—4674. doi:10.1158/1078-0432.CCR-10-0318,
PMID:20682708.

Baldrighi M, Doreth C, Li Y, Zhao X, Warner E, Chenoweth H, et al.
Lilley KS, Mallat Z, Li X. PLK1 inhibition dampens NLRP3 inflammas-
ome-elicited response in inflammatory disease models. J Clin Invest
2023;133(21):€162129. doi:10.1172/JCI1162129, PMID:37698938.
Chan AT, Arber N, Burn J, Chia WK, Elwood P, Hull MA, et al. Aspirin
in the chemoprevention of colorectal neoplasia: an overview. Cancer
Prev Res (Phila) 2012;5(2):164-178. doi:10.1158/1940-6207.CAPR-
11-0391, PMID:22084361.

Cao Y, Nishihara R, Wu K, Wang M, Ogino S, Willett WC, et al. Popula-
tion-wide Impact of Long-term Use of Aspirin and the Risk for Cancer.
JAMA Oncol 2016;2(6):762—769. doi:10.1001/jamaoncol.2015.6396,
PMID:26940135.

Steinbach G, Lynch PM, Phillips RK, Wallace MH, Hawk E, Gordon GB,
et al. The effect of celecoxib, a cyclooxygenase-2 inhibitor, in famil-
ial adenomatous polyposis. N Engl J Med 2000;342(26):1946-1952.
doi:10.1056/NEJM200006293422603, PMID:10874062.

Bertagnolli MM, Eagle CJ, Zauber AG, Redston M, Solomon SD, Kim K,
et al. Celecoxib for the prevention of sporadic colorectal adenomas.
N Engl J Med 2006;355(9):873-884. doi:10.1056/NEJM0a061355,
PMID:16943400.

Mulvenna P, Nankivell M, Barton R, Faivre-Finn C, Wilson P, Mc-
Coll E, et al. Dexamethasone and supportive care with or without
whole brain radiotherapy in treating patients with non-small cell lung
cancer with brain metastases unsuitable for resection or stereotac-
tic radiotherapy (QUARTZ): results from a phase 3, non-inferiority,
randomised trial. Lancet 2016;388(10055):2004-2014. doi:10.1016/
S0140-6736(16)30825-X, PMID:27604504.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

Yang W.: Interplay between cancer and inflammation

Arriola E, Wheater MJ, Warrier A, Karydis I, Ottensmeier CHH. Evalu-
ation of the impact of infliximab use for the treatment of ipilimum-
ab related diarrhoea on the outcome of patients with advanced
melanoma. J Clin Oncol 2015;33(15 Suppl):9045. doi:10.1200/jco.
2015.33.15_suppl.9045.

Jatoi A, Ritter HL, Dueck A, Nguyen PL, Nikcevich DA, Luyun RF, et
al. A placebo-controlled, double-blind trial of infliximab for cancer-
associated weight loss in elderly and/or poor performance non-small
cell lung cancer patients (N01C9). Lung Cancer 2010;68(2):234-239.
doi:10.1016/j.lungcan.2009.06.020, PMID:19665818.

Fisher RI, Gaynor ER, Dahlberg S, Oken MM, Grogan TM, Mize
EM, et al. Comparison of a standard regimen (CHOP) with three
intensive chemotherapy regimens for advanced non-Hodgkin’s
lymphoma. N Engl J Med 1993;328(14):1002—1006. doi:10.1056/
NEJM199304083281404, PMID:7680764.

Zak J, Pratumchai |, Marro BS, Marquardt KL, Zavareh RB, Lairson LL,
et al. JAK inhibition enhances checkpoint blockade immunotherapy in
patients with Hodgkin lymphoma. Science 2024;384(6702):eade8520.
doi:10.1126/science.ade8520, PMID:38900864.

Lamabadusuriya DA, Jayasena H, Bopitiya AK, De Silva AD, Jayasekera
P. Obesity-driven inflammation and cancer risk: A comprehensive re-
view. Semin Cancer Biol 2025;114:256-266. doi:10.1016/j.semcan-
cer.2025.07.007, PMID:40714142.

Rothwell PM, Wilson M, Elwin CE, Norrving B, Algra A, Warlow CP,
et al. Long-term effect of aspirin on colorectal cancer incidence
and mortality: 20-year follow-up of five randomised trials. Lancet
2010;376(9754):1741-1750. doi:10.1016/50140-6736(10)61543-7,
PMID:20970847.

Karin M. Nuclear factor-kappaB in cancer development and progres-
sion. Nature 2006;441(7092):431-436. doi:10.1038/nature04870,
PMID:16724054.

Chua HL, Bhat-Nakshatri P, Clare SE, Morimiya A, Badve S, Nakshatri
H. NF-kappaB represses E-cadherin expression and enhances epithe-
lial to mesenchymal transition of mammary epithelial cells: potential
involvement of ZEB-1 and ZEB-2. Oncogene 2007;26(5):711-724.
doi:10.1038/sj.0nc.1209808, PMID:16862183.

Xie Y, Liu F, Wu Y, Zhu Y, Jiang Y, Wu Q, et al. Inflammation in
cancer: therapeutic opportunities from new insights. Mol Can-
cer 2025;24(1):51. doi:10.1186/s12943-025-02243-8, PMID:399
94787.

Yu H, Pardoll D, Jove R. STATs in cancer inflammation and immu-
nity: a leading role for STAT3. Nat Rev Cancer 2009;9(11):798-809.
doi:10.1038/nrc2734, PMID:19851315.

Bollrath J, Greten FR. IKK/NF-kappaB and STAT3 pathways: central
signalling hubs in inflammation-mediated tumour promotion and
metastasis. EMBO Rep 2009;10(12):1314-1319. doi:10.1038/em-
bor.2009.243, PMID:19893576.

Dinarello A, Betto RM, Diamante L, Tesoriere A, Ghirardo R, Ciocca-
relli C, et al. STAT3 and HIF1la cooperatively mediate the transcrip-
tional and physiological responses to hypoxia. Cell Death Discov
2023;9(1):226. doi:10.1038/s41420-023-01507-w, PMID:37407568.
Wang D, Dubois RN. Eicosanoids and cancer. Nat Rev Cancer
2010;10(3):181-193. doi:10.1038/nrc2809, PMID:20168319.
Zelenay S, van der Veen AG, Béttcher JP, Snelgrove KJ, Rogers N,
Acton SE, et al. Cyclooxygenase-Dependent Tumor Growth through
Evasion of Immunity. Cell 2015;162(6):1257-1270. doi:10.1016/j.
cell.2015.08.015, PMID:26343581.

Noy R, Pollard JW. Tumor-associated macrophages: from mecha-
nisms to therapy. Immunity 2014;41(1):49-61. doi:10.1016/j.im-
muni.2014.06.010, PMID:25035953.

Wang J, Zhu N, Su X, Gao Y, Yang R. Novel tumor-associated mac-
rophage populations and subpopulations by single cell RNA se-
quencing. Front Immunol 2023;14:1264774. doi:10.3389/fim-
mu.2023.1264774, PMID:38347955.

Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regu-
lators of the immune system. Nat Rev Immunol 2009;9(3):162-174.
doi:10.1038/nri2506, PMID:19197294.

Wilczyniski M, Wilczynriski J, Nowak M. MiRNAs as Regulators of Im-
mune Cells in the Tumor Microenvironment of Ovarian Cancer. Cells
2024;13(16):1343. doi:10.3390/cells13161343, PMID:39195233.
Gorchs L, Kaipe H. Interactions between Cancer-Associated Fibro-

DOI: 10.14218/JERP.2025.00045 | Volume 10 Issue 4, December 2025


https://doi.org/10.14218/JERP.2025.00045
https://doi.org/10.1136/ard-2022-223356
http://www.ncbi.nlm.nih.gov/pubmed/36357155
https://doi.org/10.1002/art.22025
http://www.ncbi.nlm.nih.gov/pubmed/16947627
https://doi.org/10.1002/art.20217
https://doi.org/10.1002/art.20217
http://www.ncbi.nlm.nih.gov/pubmed/15146409
https://doi.org/10.4103/ijn.ijn_501_21
https://doi.org/10.4103/ijn.ijn_501_21
http://www.ncbi.nlm.nih.gov/pubmed/36704597
https://doi.org/10.1056/NEJMoa020286
http://www.ncbi.nlm.nih.gov/pubmed/12840090
https://doi.org/10.1056/NEJM199905063401804
http://www.ncbi.nlm.nih.gov/pubmed/10228190
https://doi.org/10.15537/smj.2022.43.1.20210574
http://www.ncbi.nlm.nih.gov/pubmed/35022282
https://doi.org/10.1158/1078-0432.CCR-08-2445
http://www.ncbi.nlm.nih.gov/pubmed/19383823
https://doi.org/10.1158/1078-0432.CCR-10-0318
http://www.ncbi.nlm.nih.gov/pubmed/20682708
https://doi.org/10.1172/JCI162129
http://www.ncbi.nlm.nih.gov/pubmed/37698938
https://doi.org/10.1158/1940-6207.CAPR-11-0391
https://doi.org/10.1158/1940-6207.CAPR-11-0391
http://www.ncbi.nlm.nih.gov/pubmed/22084361
https://doi.org/10.1001/jamaoncol.2015.6396
http://www.ncbi.nlm.nih.gov/pubmed/26940135
https://doi.org/10.1056/NEJM200006293422603
http://www.ncbi.nlm.nih.gov/pubmed/10874062
https://doi.org/10.1056/NEJMoa061355
http://www.ncbi.nlm.nih.gov/pubmed/16943400
https://doi.org/10.1016/S0140-6736(16)30825-X
https://doi.org/10.1016/S0140-6736(16)30825-X
http://www.ncbi.nlm.nih.gov/pubmed/27604504
https://doi.org/10.1200/jco.2015.33.15_suppl.9045
https://doi.org/10.1200/jco.2015.33.15_suppl.9045
https://doi.org/10.1016/j.lungcan.2009.06.020
http://www.ncbi.nlm.nih.gov/pubmed/19665818
https://doi.org/10.1056/NEJM199304083281404
https://doi.org/10.1056/NEJM199304083281404
http://www.ncbi.nlm.nih.gov/pubmed/7680764
https://doi.org/10.1126/science.ade8520
http://www.ncbi.nlm.nih.gov/pubmed/38900864
https://doi.org/10.1016/j.semcancer.2025.07.007
https://doi.org/10.1016/j.semcancer.2025.07.007
http://www.ncbi.nlm.nih.gov/pubmed/40714142
https://doi.org/10.1016/S0140-6736(10)61543-7
http://www.ncbi.nlm.nih.gov/pubmed/20970847
https://doi.org/10.1038/nature04870
http://www.ncbi.nlm.nih.gov/pubmed/16724054
https://doi.org/10.1038/sj.onc.1209808
http://www.ncbi.nlm.nih.gov/pubmed/16862183
https://doi.org/10.1186/s12943-025-02243-8
http://www.ncbi.nlm.nih.gov/pubmed/39994787
http://www.ncbi.nlm.nih.gov/pubmed/39994787
https://doi.org/10.1038/nrc2734
http://www.ncbi.nlm.nih.gov/pubmed/19851315
https://doi.org/10.1038/embor.2009.243
https://doi.org/10.1038/embor.2009.243
http://www.ncbi.nlm.nih.gov/pubmed/19893576
https://doi.org/10.1038/s41420-023-01507-w
http://www.ncbi.nlm.nih.gov/pubmed/37407568
https://doi.org/10.1038/nrc2809
http://www.ncbi.nlm.nih.gov/pubmed/20168319
https://doi.org/10.1016/j.cell.2015.08.015
https://doi.org/10.1016/j.cell.2015.08.015
http://www.ncbi.nlm.nih.gov/pubmed/26343581
https://doi.org/10.1016/j.immuni.2014.06.010
https://doi.org/10.1016/j.immuni.2014.06.010
http://www.ncbi.nlm.nih.gov/pubmed/25035953
https://doi.org/10.3389/fimmu.2023.1264774
https://doi.org/10.3389/fimmu.2023.1264774
http://www.ncbi.nlm.nih.gov/pubmed/38347955
https://doi.org/10.1038/nri2506
http://www.ncbi.nlm.nih.gov/pubmed/19197294
https://doi.org/10.3390/cells13161343
http://www.ncbi.nlm.nih.gov/pubmed/39195233

Yang W.: Interplay between cancer and inflammation

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

DOI: 10.14218/JERP.2025.00045 | Volume 10 Issue 4, December 2025

blasts and T Cells in the Pancreatic Tumor Microenvironment and the
Role of Chemokines. Cancers (Basel) 2021;13(12):2995. doi:10.3390/
cancers13122995, PMID:34203869.

Yin H, Pu N, Chen Q, Zhang J, Zhao G, Xu X, et al. Gut-derived lipopoly-
saccharide remodels tumoral microenvironment and synergizes with
PD-L1 checkpoint blockade via TLR4/MyD88/AKT/NF-kB pathway in
pancreatic cancer. Cell Death Dis 2021;12(11):1033. doi:10.1038/
s41419-021-04293-4, PMID:34718325.

Wang Y, MaJ, Liu Y, Cui W, Chu X, Lin Y, et al. Unraveling the complex
role of tumor-associated neutrophils within solid tumors. Cancer
Immunol Immunother 2025;74(7):210. doi:10.1007/s00262-025-
04049-5, PMID:40387965.

Jalali AM, Mitchell KJ, Pompoco C, Poludasu S, Tran S, Ramana KV.
Therapeutic Significance of NLRP3 Inflammasome in Cancer: Friend
or Foe? IntJ Mol Sci 2024;25(24):13689. doi:10.3390/ijms252413689,
PMID:39769450.

Liu Z, Xu S, Chen L, Gong J, Wang M. The role of pyroptosis in can-
cer: key components and therapeutic potential. Cell Commun Signal
2024;22(1):548. d0i:10.1186/s12964-024-01932-z, PMID:39548573.
Reyes ME, Pulgar V, Vivallo C, lli CG, Mora-Lagos B, Brebi P. Epige-
netic modulation of cytokine expression in gastric cancer: influence
on angiogenesis, metastasis and chemoresistance. Front Immu-
nol 2024;15:1347530. doi:10.3389/fimmu.2024.1347530, PMID:
38455038.

Grellier N, Severino A, Archilei S, Kim J, Gasbarrini A, Cammarota
G, et al. Gut microbiota in inflammation and colorectal cancer: A
potential Toolbox for Clinicians. Best Pract Res Clin Gastroenterol
2024;72:101942. doi:10.1016/j.bpg.2024.101942, PMID:39645280.
Yoo J, Lee Y, Park Y, Lee J, Choi JY, Lee H, et al. Update in Association
between Lung Cancer and Air Pollution. Tuberc Respir Dis (Seoul)
2025;88(2):228-236. doi:10.4046/trd.2024.0092, PMID:39659117.
Brooks GD, McLeod L, Alhayyani S, Miller A, Russell PA, Ferlin W, et al.
IL6 Trans-signaling Promotes KRAS-Driven Lung Carcinogenesis. Can-
cer Res 2016;76(4):866—-876. doi:10.1158/0008-5472.CAN-15-2388,
PMID:26744530.

Xie H, Ruan G, Wei L, Zhang H, Shi J, Lin S, et al. Obesity-associat-
ed metabolic inflammation promotes triple-negative breast cancer
progression through the interleukin-6/STAT3/pentraxin 3/matrix
metalloproteinase 7 axis. Int Immunopharmacol 2024;136:112332.
doi:10.1016/j.intimp.2024.112332, PMID:38805776.

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott
DF, et al. Safety, activity, and immune correlates of anti-PD-1 anti-
body in cancer. N Engl ) Med 2012;366(26):2443-2454. doi:10.1056/
NEJM0a1200690, PMID:22658127.

Sharma P, Allison JP. Immune checkpoint targeting in cancer ther-
apy: toward combination strategies with curative potential. Cell
2015;161(2):205-214. doi:10.1016/j.cell.2015.03.030, PMID:2586
0605.

Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, et al.
Pembrolizumab versus Ipilimumab in Advanced Melanoma. N Engl
J Med 2015;372(26):2521-2532. doi:10.1056/NEJM0a1503093,
PMID:25891173.

Zhang W, Liu Y, Yan Z, Yang H, Sun W, Yao Y, et al. IL-6 promotes PD-
L1 expression in monocytes and macrophages by decreasing protein
tyrosine phosphatase receptor type O expression in human hepa-
tocellular carcinoma. J Immunother Cancer 2020;8(1):e000285.
doi:10.1136/jitc-2019-000285, PMID:32581055.

Maude SL, Laetsch TW, Buechner J, Rives S, Boyer M, Bittencourt H, et
al. Tisagenlecleucel in Children and Young Adults with B-Cell Lymph-
oblastic Leukemia. N Engl J Med 2018;378(5):439-448. doi:10.1056/
NEJMo0a1709866, PMID:29385370.

Lei T, Wang Y, Zhang Y, Yang Y, Cao J, Huang J, et al. Leveraging CRISPR
gene editing technology to optimize the efficacy, safety and acces-
sibility of CAR T-cell therapy. Leukemia 2024;38(12):2517-2543.
doi:10.1038/s41375-024-02444-y, PMID:39455854.

Ott PA, Hu Z, Keskin DB, Shukla SA, Sun J, Bozym DJ, et al. An im-
munogenic personal neoantigen vaccine for patients with mela-
noma. Nature 2017;547(7662):217-221. doi:10.1038/nature22991,
PMID:28678778.

Nguyen T, Urban J, Kalinski P. Therapeutic cancer vaccines and combi-
nation immunotherapies involving vaccination. Immunotargets Ther

[61

(62

[63

(64

[65

[66

[67

[68

[69

[70

[71

(72

[73

(74

(75

(76

[77

[78

]

]

]

]

]

]

]

]

]

]

J Explor Res Pharmacol

2014;3:135-150. doi:10.2147/ITT.540264, PMID:27471705.
Rosenberg SA, Restifo NP, Yang JC, Morgan RA, Dudley ME. Adop-
tive cell transfer: a clinical path to effective cancer immunother-
apy. Nat Rev Cancer 2008;8(4):299-308. doi:10.1038/nrc2355,
PMID:18354418.

Tseng D, Lee S. Tumor-Infiltrating Lymphocyte Therapy: A New Fron-
tier. Transplant Cell Ther 2025;31(35):5599-5609. doi:10.1016/j.
jtct.2024.11.014, PMID:40089329.

Rolin C, Zimmer J, Seguin-Devaux C. Bridging the gap with multispecific
immunecellengagersincancerandinfectiousdiseases. CellMolImmu-
nol 2024;21(7):643-661. doi:10.1038/s41423-024-01176-4, PMID:
38789528.

Yang J, Yamashita-Kanemaru Y, Morris BI, Contursi A, Trajkovski D,
Xu J, et al. Aspirin prevents metastasis by limiting platelet TXA(2)
suppression of T cell immunity. Nature 2025;640(8060):1052-1061.
doi:10.1038/s41586-025-08626-7, PMID:40044852.

Nishimoto N, Kishimoto T. Interleukin 6: from bench to bedside.
Nat Clin Pract Rheumatol 2006;2(11):619-626. doi:10.1038/
ncprheum0338, PMID:17075601.

Pan D, Li X, Qiao X, Wang Q. Immunosuppressive tumor micro-
environment in pancreatic cancer: mechanisms and therapeu-
tic targets. Front Immunol 2025;16:1582305. doi:10.3389/fim-
mu.2025.1582305, PMID:40443678.

Hideshima T, Mitsiades C, Akiyama M, Hayashi T, Chauhan D, Rich-
ardson P, et al. Molecular mechanisms mediating antimyeloma activ-
ity of proteasome inhibitor PS-341. Blood 2003;101(4):1530-1534.
doi:10.1182/blood-2002-08-2543, PMID:12393500.

Qin A, Chen H, Xu F, Li W, Guo S, Zhang G, et al. MiR- 150 deletion
promotes lung tumor growth by upregulating P-STAT3 and ROS in
MDSCs. Sci Rep 2025;15(1):12988. doi:10.1038/s41598-025-97556-
5, PMID:40234699.

Sahin U, Tiireci O. Personalized vaccines for cancer immunotherapy.
Science 2018;359(6382):1355-1360. doi:10.1126/science.aar7112,
PMID:29567706.

Thomas T, Friedrich M, Rich-Griffin C, Pohin M, Agarwal D, Pa-
kpoor J, et al. A longitudinal single-cell atlas of anti-tumour necro-
sis factor treatment in inflammatory bowel disease. Nat Immunol
2024;25(11):2152-2165. doi:10.1038/s41590-024-01994-8, PMID:
39438660.

Dong X, Wang X, Zheng X, Jiang H, Liu L, Ma N, et al. Targeted na-
noparticle delivery system for tumor-associated macrophage repro-
gramming to enhance TNBC therapy. Cell Biol Toxicol 2025;41(1):58.
doi:10.1007/s10565-025-10001-1, PMID:40056273.

Templeton AJ, Ace O, McNamara MG, Al-Mubarak M, Vera-Badillo
FE, Hermanns T, et al. Prognostic role of platelet to lymphocyte ratio
in solid tumors: a systematic review and meta-analysis. Cancer Epi-
demiol Biomarkers Prev 2014;23(7):1204-1212. doi:10.1158/1055-
9965.EPI-14-0146, PMID:24793958.

Cui K, Lin J, Hong P, Fang H, Hu Z, Gao Z, et al. The pan-immune-in-
flammation value predicts prognosis and chemotherapy-related ad-
verse events in Wilms’ tumor patients. BMC Cancer 2025;25(1):979.
doi:10.1186/512885-025-14391-7, PMID:40452012.

Goodman AM, Kato S, Bazhenova L, Patel SP, Frampton GM, Miller
V, et al. Tumor Mutational Burden as an Independent Predictor of
Response to Immunotherapy in Diverse Cancers. Mol Cancer Ther
2017;16(11):2598-2608. doi:10.1158/1535-7163.MCT-17-0386,
PMID:28835386.

Lei W, Zhou K, Lei Y, Li Q, Zhu H. Gut microbiota shapes cancer im-
munotherapy responses. NPJ Biofilms Microbiomes 2025;11(1):143.
doi:10.1038/s41522-025-00786-8, PMID:40715107.

Powles T, Duran |, van der Heijden MS, Loriot Y, Vogelzang NJ, De
Giorgi U, et al. Atezolizumab versus chemotherapy in patients with
platinum-treated locally advanced or metastatic urothelial carci-
noma (IMvigor211): a multicentre, open-label, phase 3 randomised
controlled trial. Lancet 2018;391(10122):748-757. doi:10.1016/
S0140-6736(17)33297-X, PMID:29268948.

Barragan-Carrillo R, Zengin ZB, Pal SK. Microbiome Modulation for
the Treatment of Solid Neoplasms. J Clin Oncol 2025;43(24):2734—
2738. doi:10.1200/JC0O-25-00374, PMID:40644647.

Postow MA, Sidlow R, Hellmann MD. Immune-Related Adverse
Events Associated with Immune Checkpoint Blockade. N Engl J Med


https://doi.org/10.14218/JERP.2025.00045
https://doi.org/10.3390/cancers13122995
https://doi.org/10.3390/cancers13122995
http://www.ncbi.nlm.nih.gov/pubmed/34203869
https://doi.org/10.1038/s41419-021-04293-4
https://doi.org/10.1038/s41419-021-04293-4
http://www.ncbi.nlm.nih.gov/pubmed/34718325
https://doi.org/10.1007/s00262-025-04049-5
https://doi.org/10.1007/s00262-025-04049-5
http://www.ncbi.nlm.nih.gov/pubmed/40387965
https://doi.org/10.3390/ijms252413689
http://www.ncbi.nlm.nih.gov/pubmed/39769450
https://doi.org/10.1186/s12964-024-01932-z
http://www.ncbi.nlm.nih.gov/pubmed/39548573
https://doi.org/10.3389/fimmu.2024.1347530
http://www.ncbi.nlm.nih.gov/pubmed/38455038
https://doi.org/10.1016/j.bpg.2024.101942
http://www.ncbi.nlm.nih.gov/pubmed/39645280
https://doi.org/10.4046/trd.2024.0092
http://www.ncbi.nlm.nih.gov/pubmed/39659117
https://doi.org/10.1158/0008-5472.CAN-15-2388
http://www.ncbi.nlm.nih.gov/pubmed/26744530
https://doi.org/10.1016/j.intimp.2024.112332
http://www.ncbi.nlm.nih.gov/pubmed/38805776
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMoa1200690
http://www.ncbi.nlm.nih.gov/pubmed/22658127
https://doi.org/10.1016/j.cell.2015.03.030
http://www.ncbi.nlm.nih.gov/pubmed/25860605
http://www.ncbi.nlm.nih.gov/pubmed/25860605
https://doi.org/10.1056/NEJMoa1503093
http://www.ncbi.nlm.nih.gov/pubmed/25891173
https://doi.org/10.1136/jitc-2019-000285
http://www.ncbi.nlm.nih.gov/pubmed/32581055
https://doi.org/10.1056/NEJMoa1709866
https://doi.org/10.1056/NEJMoa1709866
http://www.ncbi.nlm.nih.gov/pubmed/29385370
https://doi.org/10.1038/s41375-024-02444-y
http://www.ncbi.nlm.nih.gov/pubmed/39455854
https://doi.org/10.1038/nature22991
http://www.ncbi.nlm.nih.gov/pubmed/28678778
https://doi.org/10.2147/ITT.S40264
http://www.ncbi.nlm.nih.gov/pubmed/27471705
https://doi.org/10.1038/nrc2355
http://www.ncbi.nlm.nih.gov/pubmed/18354418
https://doi.org/10.1016/j.jtct.2024.11.014
https://doi.org/10.1016/j.jtct.2024.11.014
http://www.ncbi.nlm.nih.gov/pubmed/40089329
https://doi.org/10.1038/s41423-024-01176-4
http://www.ncbi.nlm.nih.gov/pubmed/38789528
https://doi.org/10.1038/s41586-025-08626-7
http://www.ncbi.nlm.nih.gov/pubmed/40044852
https://doi.org/10.1038/ncprheum0338
https://doi.org/10.1038/ncprheum0338
http://www.ncbi.nlm.nih.gov/pubmed/17075601
https://doi.org/10.3389/fimmu.2025.1582305
https://doi.org/10.3389/fimmu.2025.1582305
http://www.ncbi.nlm.nih.gov/pubmed/40443678
https://doi.org/10.1182/blood-2002-08-2543
http://www.ncbi.nlm.nih.gov/pubmed/12393500
https://doi.org/10.1038/s41598-025-97556-5
https://doi.org/10.1038/s41598-025-97556-5
http://www.ncbi.nlm.nih.gov/pubmed/40234699
https://doi.org/10.1126/science.aar7112
http://www.ncbi.nlm.nih.gov/pubmed/29567706
https://doi.org/10.1038/s41590-024-01994-8
http://www.ncbi.nlm.nih.gov/pubmed/39438660
https://doi.org/10.1007/s10565-025-10001-1
http://www.ncbi.nlm.nih.gov/pubmed/40056273
https://doi.org/10.1158/1055-9965.EPI-14-0146
https://doi.org/10.1158/1055-9965.EPI-14-0146
http://www.ncbi.nlm.nih.gov/pubmed/24793958
https://doi.org/10.1186/s12885-025-14391-7
http://www.ncbi.nlm.nih.gov/pubmed/40452012
https://doi.org/10.1158/1535-7163.MCT-17-0386
http://www.ncbi.nlm.nih.gov/pubmed/28835386
https://doi.org/10.1038/s41522-025-00786-8
http://www.ncbi.nlm.nih.gov/pubmed/40715107
https://doi.org/10.1016/S0140-6736(17)33297-X
https://doi.org/10.1016/S0140-6736(17)33297-X
http://www.ncbi.nlm.nih.gov/pubmed/29268948
https://doi.org/10.1200/JCO-25-00374
http://www.ncbi.nlm.nih.gov/pubmed/40644647

J Explor Res Pharmacol

[79]

(80]

[81]

[82]

10

2018;378(2):158-168. doi:10.1056/NEJMral1703481, PMID:29320654.
Ponvilawan B, Khan AW, Subramanian J, Bansal D. Non-Invasive
Predictive Biomarkers for Immune-Related Adverse Events Due to
Immune Checkpoint Inhibitors. Cancers (Basel) 2024;16(6):1225.
doi:10.3390/cancers16061225, PMID:38539558.

Alum EU. Al-driven biomarker discovery: enhancing precision in
cancer diagnosis and prognosis. Discov Oncol 2025;16(1):313.
doi:10.1007/s12672-025-02064-7, PMID:40082367.

Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillere R,
et al. Gut microbiome influences efficacy of PD-1-based immuno-
therapy against epithelial tumors. Science 2018;359(6371):91-97.
doi:10.1126/science.aan3706, PMID:29097494.

Esteva A, Robicquet A, Ramsundar B, Kuleshov V, DePristo M, Chou K,
et al. A guide to deep learning in healthcare. Nat Med 2019;25(1):24—
29. doi:10.1038/s41591-018-0316-z, PMID:30617335.

(83]

[84]

(85]

(86]

Yang W.: Interplay between cancer and inflammation

Roth TL, Puig-Saus C, Yu R, Shifrut E, Carnevale J, Li PJ, et al. Repro-
gramming human T cell function and specificity with non-viral ge-
nome targeting. Nature 2018;559(7714):405-409. doi:10.1038/
s41586-018-0326-5, PMID:29995861.

Yan L, Gao S, Wang X, Zhou X, Limsakul P, Wu Y. Boosting CAR-T
cell therapy with CRISPR technology. hLife 2024;2(8):380-396.
doi:10.1016/j.hlife.2024.06.002.

Li Q, Gloudemans MJ, Geisinger JM, Fan B, Aguet F, Sun T, et al. RNA
editing underlies genetic risk of common inflammatory diseases.
Nature 2022;608(7923):569-577. doi:10.1038/s41586-022-05052-,
PMID:35922514.

Ma L, Guo H, Zhao Y, Liu Z, Wang C, Bu J, et al. Liquid biopsy in can-
cer current: status, challenges and future prospects. Signal Trans-
duct Target Ther 2024;9(1):336. doi:10.1038/s41392-024-02021-w,
PMID:39617822.

DOI: 10.14218/JERP.2025.00045 | Volume 10 Issue 4, December 2025


https://doi.org/10.14218/JERP.2025.00045
https://doi.org/10.1056/NEJMra1703481
http://www.ncbi.nlm.nih.gov/pubmed/29320654
https://doi.org/10.3390/cancers16061225
http://www.ncbi.nlm.nih.gov/pubmed/38539558
https://doi.org/10.1007/s12672-025-02064-7
http://www.ncbi.nlm.nih.gov/pubmed/40082367
https://doi.org/10.1126/science.aan3706
http://www.ncbi.nlm.nih.gov/pubmed/29097494
https://doi.org/10.1038/s41591-018-0316-z
http://www.ncbi.nlm.nih.gov/pubmed/30617335
https://doi.org/10.1038/s41586-018-0326-5
https://doi.org/10.1038/s41586-018-0326-5
http://www.ncbi.nlm.nih.gov/pubmed/29995861
https://doi.org/10.1016/j.hlife.2024.06.002
https://doi.org/10.1038/s41586-022-05052-x
http://www.ncbi.nlm.nih.gov/pubmed/35922514
https://doi.org/10.1038/s41392-024-02021-w
http://www.ncbi.nlm.nih.gov/pubmed/39617822

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Mechanistic insights into cancer-associated inflammation﻿

	﻿﻿Inflammatory signaling pathways﻿

	﻿﻿﻿Immune cell infiltrates in the TME﻿

	Additional pathways and interactions﻿


	﻿﻿﻿﻿Inflammation in specific cancer types﻿

	﻿﻿Colorectal cancer (CRC)﻿

	﻿﻿﻿Lung cancer﻿

	﻿﻿﻿Breast cancer﻿


	﻿﻿﻿﻿Immunotherapy and the inflammatory context﻿

	﻿﻿Immune checkpoint inhibition﻿

	﻿﻿﻿Chimeric antigen receptor T-cell (CAR-T) cell therapy and beyond﻿

	﻿﻿﻿Cancer vaccines and oncolytic viruses﻿

	﻿﻿﻿Tumor-infiltrating lymphocytes (TILs) and adoptive cell transfer﻿

	﻿﻿﻿Emerging immunotherapies﻿


	﻿﻿﻿﻿Preclinical translational advances in inflammation-targeting therapies﻿

	﻿﻿Drug repurposing: non-steroidal anti-inflammatory drugs (NSAIDs), COX-2 inhibitors, and statins﻿

	﻿﻿﻿Targeting cytokines: IL-6 and TNF-α﻿

	﻿﻿﻿Blocking NF-κB and STAT3﻿

	﻿﻿﻿Preclinical models and multi-omics platforms﻿

	﻿﻿﻿Nanomedicine and targeted delivery﻿


	﻿﻿﻿﻿Clinical strategies and biomarker integration﻿

	﻿﻿Inflammatory biomarkers﻿

	﻿﻿﻿Predictive biomarkers for immunotherapy﻿

	﻿﻿﻿Combination approaches﻿

	﻿﻿﻿Managing immune-related adverse events (IRAEs)﻿

	﻿﻿﻿Personalized medicine frameworks﻿


	﻿﻿﻿﻿Future perspectives﻿

	﻿﻿Microbiome and inflammation﻿

	﻿﻿﻿AI and machine learning﻿

	﻿﻿﻿Gene editing and synthetic biology﻿

	﻿﻿﻿Single-cell and spatial omics﻿

	﻿﻿﻿Nanotechnology and liquid biopsies﻿

	﻿﻿﻿Other areas where the interplay between cancer and inflammation may prove significant in the future﻿


	﻿﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


