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Introduction 
Combining immunotherapies with traditional treatments 
like chemotherapy and radiation can enhance their efficacy. 
For example, radiation can increase the visibility of tumors 
to the immune system, while chemotherapy can reduce 
immunosuppressive cells in the TME, creating a more favorable 
environment for immune activation. Tumor immunology has 
emerged as a critical field in the fight against cancer, focusing 
on how the immune system interacts with tumor cells. It 
explores the mechanisms by which cancer cells evade immune 
surveillance and how the immune system can be harnessed 
to combat tumor growth. Advances in this field have led to 
the development of immunotherapies, transforming cancer 
treatment and offering new hope to patients with various 
malignancies. This article delves into the complexities of the 
immune response to cancer, recent advances, and the future 
directions in tumor immunology [1].

ACT involves the infusion of ex vivo-expanded tumor-specific 
T cells into patients. This approach has been particularly 
effective in melanoma, where tumor-infiltrating lymphocytes 
(TILs) are isolated, expanded, and reinfused into patients. 
ACT strategies are being explored for a broader range of 
cancers, with ongoing research focusing on improving the 
persistence and efficacy of transferred cells. The Immune 
System’s Role in Cancer Surveillance The immune system 
is the body's defense mechanism, constantly monitoring for 
foreign invaders like bacteria and viruses, as well as abnormal 
cells, including cancer cells. Immune surveillance, a concept 
proposed decades ago, suggests that the immune system can 
detect and eliminate nascent tumor cells before they develop 
into clinically detectable cancers. This process primarily 
involves immune cells such as T cells, natural killer (NK) 
cells, dendritic cells, and macrophages [2].

Identifying biomarkers that predict responses to 
immunotherapy is crucial for selecting patients who are most 
likely to benefit from specific treatments. Biomarkers such 
as PD-L1 expression, tumor mutational burden (TMB), and 
immune gene signatures are being investigated. T Cells and 
Tumor Antigen Recognition: T cells, particularly cytotoxic 
T lymphocytes (CTLs), play a pivotal role in identifying and 
killing cancer cells. They recognize specific tumor-associated 
antigens presented by major histocompatibility complex 
(MHC) molecules on the surface of tumor cells. Upon 
recognition, CTLs become activated and directly attack the 

tumor cells, releasing cytotoxic granules that induce apoptosis 
in the cancer cells [3].

Therapeutic cancer vaccines aim to stimulate an immune 
response against tumor-specific antigens. Unlike prophylactic 
vaccines, which prevent infections, cancer vaccines 
are designed to treat existing cancers. For example, the 
development of neoantigen vaccines, tailored to the unique 
mutations in a patient’s tumor, holds promise for personalized 
immunotherapy. Natural Killer (NK) Cells: NK cells provide 
a crucial first line of defense against tumors, especially those 
that downregulate MHC molecules to evade detection by 
T cells. NK cells can recognize stressed or abnormal cells 
and initiate a killing response without the need for antigen 
presentation. Their role is particularly important in the early 
stages of tumor growth [4].

Chimeric antigen receptor (CAR) T cell therapy involves 
modifying a patient’s T cells to express receptors specific to 
tumor antigens. These engineered T cells are then reinfused 
into the patient, where they can directly target and eliminate 
cancer cells. CAR-T cell therapy has shown remarkable success 
in treating certain blood cancers, such as acute lymphoblastic 
leukemia (ALL) and diffuse large B-cell lymphoma (DLBCL). 
Dendritic Cells and Antigen Presentation: Dendritic cells are 
the primary antigen-presenting cells (APCs) in the immune 
system. They capture tumor antigens, process them, and 
present them to T cells, initiating an adaptive immune 
response. The activation of dendritic cells is essential for the 
effective priming of T cells against tumor antigens, making 
them a target of interest in developing cancer vaccines [5].

Immune Evasion Mechanisms by Tumors Despite the immune 
system’s capacity to recognize and attack cancer cells, many 
tumors develop strategies to evade immune detection and 
destruction. This ability to escape immune surveillance is a 
hallmark of cancer, contributing to tumor progression and 
metastasis [6].

Tumors can exploit immune checkpoints, which are 
regulatory pathways that maintain self-tolerance and prevent 
autoimmunity. Proteins such as PD-1 (Programmed Death-1) 
and CTLA-4 (Cytotoxic T-Lymphocyte Antigen 4) act as 
brakes on the immune response. Cancer cells upregulate 
ligands for these proteins (e.g., PD-L1), which interact with 
T cells and inhibit their activity, allowing the tumor to evade 
immune attack [7].
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The TME is composed of various immune cells, stromal cells, 
and signaling molecules that create an immunosuppressive 
environment around the tumor. Tumor-associated 
macrophages (TAMs), regulatory T cells (Tregs), and 
myeloid-derived suppressor cells (MDSCs) within the TME 
can inhibit T cell activity, promote tumor growth, and facilitate 
metastasis. Understanding the interactions within the TME is 
critical for developing strategies to reprogram the immune 
microenvironment in favor of anti-tumor immunity [8].

The development of immune checkpoint inhibitors, such as 
pembrolizumab (anti-PD-1) and ipilimumab (anti-CTLA-4), 
has been a major breakthrough. By blocking inhibitory 
signals, these drugs can reactivate T cells, enabling them to 
recognize and kill cancer cells. Immune checkpoint inhibitors 
have shown significant success in treating melanoma, non-
small cell lung cancer, and other cancers, though their 
effectiveness varies among patients. Antigen Loss and 
Mutation: Tumors can lose or alter the expression of antigens 
recognized by the immune system, rendering them less visible 
to T cells. Additionally, genetic mutations in tumor cells can 
lead to changes in MHC expression, making it difficult for the 
immune system to recognize the tumor [9].

Developing strategies to modulate the TME, such as 
reprogramming TAMs or depleting Tregs, could improve the 
effectiveness of immunotherapies. Research into how the TME 
evolves during treatment is essential for designing therapies 
that maintain long-term anti-tumor immunity. Advances in 
Cancer Immunotherapy Recent advances in immunotherapy 
have revolutionized cancer treatment, focusing on harnessing 
the immune system’s power to fight cancer more effectively. 
These therapies aim to overcome immune evasion mechanisms 
and enhance the body's ability to target tumor cells [10].

Conclusion 
Advances in tumor immunology have transformed our 
understanding of how the immune system interacts with 
cancer. Immunotherapies like checkpoint inhibitors, CAR-T 
cell therapy, and cancer vaccines represent promising 

strategies for overcoming immune evasion mechanisms. 
While challenges remain, such as variable patient responses 
and immune-related side effects, the future holds great 
potential for continued progress. As research deepens, the 
goal of harnessing the immune system for durable cancer 
control becomes increasingly attainable, offering hope to 
patients worldwide.
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