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Abstract  
 

Cancer continues to pose a significant global health burden, accounting for millions of cases and 

fatalities each year. Conventional therapeutic modalities, including surgery, chemotherapy, and 

radiotherapy, have yielded improved outcomes. However, their limitations and adverse effects 

underscore the imperative for novel therapeutic strategies, such as cancer vaccines. These vaccines, 

grounded in immunotherapeutic principles, have been shown to activate the immune system, thereby 

inducing tumor-specific responses. This mini-review explores the immunological foundations, 

classifications, and current limitations of cancer vaccines, with emphasis on peptide-based, 

recombinant, cell-based, and nucleic acid-based modalities. The manuscript also examines the 

significance of neoantigen identification and the tumor microenvironment in determining vaccine 

effectiveness. Notwithstanding noteworthy advancements, challenges such as immune evasion, low 

mutation rates, and an immunosuppressive tumor milieu endure. The effective incorporation of cancer 

vaccines into standard oncological care is contingent upon future research and clinical breakthroughs. 
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Introduction 

Cancer is a term that encompasses a broad 

spectrum of diseases marked by the abnormal growth 

and dissemination of malignant cells. Its recognition 

dates back to ancient civilizations, yet it remains a 

pressing challenge despite considerable progress in 

scientific understanding. Current therapeutic 

modalities, including surgery, radiotherapy, 

chemotherapy, and immunotherapy, have contributed to 

significant advancements in the field of care. 

Nevertheless, the persistent global impact of cancer 

emphasizes the urgency for better early detection 

techniques, more individualized treatment protocols, 

and improved patient outcomes (Srivastava et al., 

2024). 

According to global statistics, in the year 2020, 

approximately 19.3 million individuals were diagnosed 

with cancer for the first time, and approximately 10 

million of those individuals died from the disease. 

These figures reflect the limitations of standard 

therapies, which, while often effective, can be 

associated with significant toxicity and restricted 

efficacy in certain contexts (T. Fan et al., 2023). 

Advancements in the field of oncology have led to 

significant improvements in diagnostic accuracy and 

therapeutic strategies. These advancements are 

supported by various innovations, including genetic 

profiling, liquid biopsies, and advanced imaging 

technologies such as CT, MRI, and PET. Among the 

aforementioned developments, cancer vaccines have 

emerged as a promising avenue, offering both 

preventive and therapeutic potential, particularly in 

malignancies characterized by identifiable tumor-

associated antigens, such as melanoma and prostate 

cancer (Kaczmarek et al., 2023; Sheikhlary et al., 2024; 

Srivastava et al., 2024). 

Cancer Vaccines: Promises and Barriers 

Vaccines have traditionally functioned as a 

primary defense against infectious diseases. However, 

significant advancements in the field of immunology 

have led to the extension of these mechanisms to the 

realm of cancer therapy and prevention. Initial efforts 

concentrated on the development of therapeutic cancer 

vaccines targeting tumor-associated antigens (TAAs) or 

self-antigens expressed by cancer cells. However, these 

approaches frequently proved ineffective in inducing 

robust and persistent T-cell responses. In contrast, 

emerging strategies employing neoantigen-based 

vaccines exhibit enhanced specificity by guiding the 

immune system towards antigens exclusively present in 

tumors. This approach serves to mitigate the risk of 

immune tolerance and unintended tissue damage 

(Sobhani et al., 2022). 

A critical component of effective vaccine design 

lies in the identification and selection of neoantigens or 

neoepitopes, which are uniquely presented by tumor 

cells. In contrast to self-antigens, which are generally 

well-tolerated by the immune system, neoantigens 

derived from tumor-specific mutations have been 

demonstrated to elicit more robust immune responses. 

Indeed, T-cell reactivity to neoantigens can be 

significantly greater than to TAAs due to higher 

immunogenicity and a reduced likelihood of central or 

peripheral tolerance (Sobhani et al., 2022). However, 

several features of the tumor microenvironment, 

including hypoxia, nutrient scarcity, acidic pH, 

oxidative stress, and the presence of 

immunosuppressive elements such as regulatory T cells 

and myeloid-derived suppressor cells, have been shown 

to interfere with vaccine efficacy. Additional barriers to 

effective treatment include low tumor mutational 

burden, immune evasion mechanisms such as antigen 

loss, and impaired antigen presentation due to 

dysfunctional dendritic cells (Belli et al., 2018; Roma-

Rodrigues et al., 2019; Vedenko et al., 2020). 

Types of Cancer Vaccines 

Peptide-Based Vaccines:  

Peptide vaccines employ short antigenic sequences 

derived from tumor-associated or tumor-specific 

proteins to activate the immune system. These peptides 

primarily stimulate immune responses by engaging 

CD8+ cytotoxic and CD4+ helper T cells through their 

presentation on MHC class I and II molecules. These 

vaccines have been demonstrated to elicit both cellular 

and humoral immune responses, thereby contributing to 

long-term tumor surveillance. A notable illustration of 

this phenomenon is the FDA-approved therapeutic 

cancer vaccine known as sipuleucel-T (Provenge). This 

vaccine is notable for its application in cases of prostate 

cancer that has become resistant to castration, thereby 

demonstrating the clinical feasibility of this therapeutic 

approach (Abd-Aziz & Poh, 2022; Laumont & 

Perreault, 2018; Mizukoshi et al., 2022). 

Recombinant Vaccines:  

Recombinant cancer vaccines are made using 

genetically modified viruses or bacteria. These 

modified viruses or bacteria are designed to deliver 

tumor antigens. These vaccines can be classified into 

three categories: inactivated, live-attenuated, or subunit 

vaccines. They function by either directly presenting 

antigens through MHC pathways or indirectly by 

eliciting inflammatory signals from infected or lysed 

cells. This activates antigen-presenting cells (APCs). 

Vaccine engineering has seen significant 

improvements, with new developments in antigen 

presentation leading to stronger immune responses 

(Atkin-Smith et al., 2018; de Pinho Favaro et al., 2022; 

Y. Fan et al., 2021; Lauring et al., Mayer & Impens 
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(2021); Mendonça et al. (2021); MOREIN et al. (1978); 

Pardoll (1998); Pishesha et al. (2021); Pranchevicius & 

Vieira (2013); Ragothaman & Yoo (2023); Sanders et 

al. (2015); Toussaint et al. (2013); Travieso et al. 

(2022); Yoo et al. (2021). 

Cell-Based Vaccines:  

These vaccines use immune cells, like dendritic 

cells (DCs), or genetically engineered tumor cells to 

make the body fight the tumor. Dendritic cell vaccines 

work by presenting tumor antigens to T cells, which 

triggers a targeted immune response. Some types of 

DCs, like conventional (cDCs), plasmacytoid (pDCs), 

and monocyte-derived (moDCs), play a special role in 

immune system activation. They do this by producing 

cytokines and presenting antigens (Keenan & Jaffee, 

2012). 

Nucleic Acid-Based Immunization: DNA and 

mRNA Strategies 

This category includes DNA and mRNA vaccines 

designed to introduce tumor antigen-encoding 

sequences into host cells to stimulate immunity. 

DNA Vaccines: These vaccines use bacterial 

plasmids. Plasmids are pieces of DNA that can be used 

to make vaccines. They get into the cell nucleus and 

then become mRNA. Then, the mRNA is translated into 

antigenic proteins. The tumor antigens that result are 

then shown through MHC class I and II pathways. This 

activates both the adaptive and innate immune 

mechanisms. 

mRNA Vaccines deliver synthetic messenger 

RNA directly to antigen-presenting cells (APCs), 

skipping the transcription step. After the body's cells 

absorb the mRNA, it is translated into antigenic 

proteins. These proteins are then processed and 

displayed to T cells. These vaccines can also help 

activate B cells and stimulate the production of 

antibodies. This makes them a strong option for 

immunotherapy (Cui, 2005; Del Prete et al., 2023; 

Jorritsma et al., 2016; Katakam et al., 2015; Liang et al., 

2017; Lopes et al., 2019; Manh et al., 2013; Murphy & 

Murphy, 2022; Ni, 2023; Rojas et al., 2023; Stevenson 

et al., 2004; Wang et al., 2022). 

Personalize Cancer Vaccine 

Personalized cancer vaccines are made to 

recognize the unique tumor-specific mutations of each 

patient. By studying the genetic changes in tumors, 

researchers can develop vaccines that target these 

changes and help the body's immune system fight the 

cancer. This personalized approach makes the immune 

system better at detecting and destroying harmful cells. 

The way we make immunotherapy work for each 

patient's genetic tumor profile makes the treatment 

more precise and effective while reducing any immune 

responses that we don't want (Liu et al., 2022; Maman 

& Witz, 2018). 

Conclusion 
Cancer vaccines represent a significant advancement in 

the field of cancer therapy, offering a more precise and 

less toxic approach to treatment. By mobilizing the 

immune system to identify and attack tumor-specific 

antigens, these vaccines offer a promising complement 

to conventional treatments. However, the widespread 

adoption of these technologies is hindered by two major 

factors. Firstly, tumor-induced immune suppression 

presents a significant challenge, as it impedes the 

efficacy of immunotherapies. Secondly, the 

complexities of the tumor microenvironment contribute 

to the challenges associated with the adoption of these 

technologies. Continued advancements in areas such as 

neoantigen discovery, immunomodulatory tactics, and 

delivery platforms are essential for overcoming these 

barriers. Pursuant to sustained research and clinical 

innovation, cancer vaccines may soon play a central role 

in enhancing survival and quality of life for patients 

battling cancer worldwide. 
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