AUCTORES

Globalize your Research

Journal of Cancer Research and Cellular Therapeutics

Rehan Haider *

Research Article

Cancer Vaccines: A Brief Overview

Rehan Haider *, Geetha Kumari Das 2, Zameer Ahmed 3, Sambreen Zameer 4

Riggs pharmaceutical Department of Pharmacy University of Karachi, Pakistan.

2Pharmaceutical Inc OPJS University Rajasthan India.

3Assistant Professor Dow University of Health Sciences Karachi Pakistan.

4Associate Professor, Department of Pathology, Dow University of Health Sciences, Karachi, Pakistan.

*Corresponding Author: Rehan Haider, Riggs pharmaceutical Department of Pharmacy University of Karachi, Pakistan.
Received Date: June 28, 2025; Accepted Date: July 04, 2025; Published Date: July 11, 2025

Citation: Rehan Haider, Geetha Kumari Das, Zameer Ahmed, Sambreen Zameer, (2025), Cancer Vaccines: A Brief Overview, J. Cancer Research

and Cellular Therapeutics. 9(4); DOI:10.31579/2640-1053/244

Copyright: © 2025, Rehan Haider. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Cancer vaccine strategies differ from traditional vaccines for infectious diseases by focusing on treating active
disease rather than preventing infection. This review provides an overview of various cancer vaccines and adjuvants
explored to reduce tumor burden. Some vaccines are approved or in late-stage clinical trials, including the dendritic
cell vaccine Sipuleucel-T (Provenge) and the recombinant viral prostate cancer vaccine PSA-TRICOM (Prostvac-
VF). Vaccines against oncogenic viruses like human papillomavirus (HPV) are beyond the scope of this review.

Cancer-associated "altered self" antigens often induce weaker immune responses compared to foreign antigens from
pathogens, necessitating the use of immune stimulants and adjuvants. Vaccine types explored include autologous
immune cell vaccines, recombinant virus vaccines, peptide vaccines, DNA vaccines, and whole-cell vaccines derived

from human tumor cell lines.

Recent advances in understanding tumor-induced immunosuppression and immune checkpoint inhibitors, such as
ipilimumab, offer new opportunities for improving cancer vaccine efficacy.
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Introduction

Cancer vaccines have been studied for over a century, but their impact has
been modest compared to vaccines for infectious diseases. Unlike
preventive vaccines, most cancer vaccines aim to treat established
diseases, posing challenges due to immune evasion by tumors and
compromised immunity in cancer patients. Encouragingly, rapid
advances in immunology and molecular biology are driving the
development of new vaccine platforms with greater therapeutic potential.
Recent comprehensive reviews have highlighted these developments and
emphasized the need for continued research in this area [1,2]. This
overview discusses key aspects of cancer vaccine development, focusing
on various types of vaccines, immune adjuvants, and the progress of
clinical trials.

2. Tumor Antigens, Adjuvants, and T Cell Support

The ideal tumor antigen remains a subject of active research. Tumor
antigens vary between cancers and among patients. Efforts focus on
identifying broadly expressed, mutated, or aberrantly expressed antigens
capable of eliciting effective immune responses [3]. Vaccines may target
specific tumor-associated antigens (TAAs) or utilize whole-cell
approaches.
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Because TAAs often resemble self-proteins, immune responses are
typically weak, raising concerns about inducing autoimmunity.
Nonetheless, controlled autoimmune responses may correlate with
improved anti-tumor immunity [3].

Adjuvants, essential in infectious disease vaccines, are also crucial for
cancer vaccines. Numerous agents, including saponins, emulsions (e.g.,
Montanides), and pathogen-derived components, have been explored [4].

T cell-mediated immunity, particularly involving CD8+ cytotoxic T cells
and CD4+ helper T cells, plays a central role in effective anti-tumor
responses. However, tumor antigens often fail to robustly stimulate CD4+
T cell help, necessitating innovative vaccine designs. The phenomenon of
"epitope spreading,” where immune responses expand to target additional
antigens beyond the original target, is associated with enhanced anti-
tumor efficacy, though its mechanisms remain under investigation [5,6].

3. Patient-Derived Immune Cell VVaccines: Sipuleucel-T (Provenge)

Sipuleucel-T is an autologous dendritic cell vaccine approved for
metastatic prostate cancer. Patient-derived dendritic cells are engineered
to express a fusion protein containing prostatic acid phosphatase (PAP)
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and granulocyte-macrophage colony-stimulating factor (GM-CSF),
enhancing antigen presentation. Clinical trials demonstrated an
approximate four-month survival benefit, though no significant impact on
progression-free survival was observed [7].

4. Recombinant Viral Vaccines: PSA-TRICOM (Prostvac-VF)

PSA-TRICOM is a recombinant poxvirus-based vaccine expressing
prostate-specific antigen (PSA) and three co-stimulatory molecules
(LFA-3, ICAM-1, B7.1) to enhance T cell activation. Phase Il trials
demonstrated an eight-month improvement in overall survival with
minimal toxicity [8]. Ongoing studies are evaluating PSA-TRICOM in
combination with immune checkpoint inhibitors like ipilimumab [9,10].

5. Peptide Vaccines: MAGE-A3 and NY-ESO-1

MAGE-A3 and NY-ESO-1 are cancer-testis antigens overexpressed in
various tumors. Although MAGE-A3 vaccines demonstrated
immunogenicity, a large Phase Il trial (MAGRIT) for lung cancer
showed no clinical benefit [11]. However, NY-ESO-1 vaccines,
particularly in viral vector formats, have shown promise, especially when
combined with checkpoint inhibitors.

6. DNA Vaccines

DNA vaccines enable precise antigen expression, including post-
translational modifications. They often incorporate genes encoding
cytokines or co-stimulatory molecules to enhance T-cell responses. Skin
electroporation  techniques  improve  vaccine delivery and
immunogenicity. DNA vaccines have shown safety, with minimal
concerns regarding genomic integration or autoimmunity [12,13].

7. Whole-Cell Vaccines: Algenpantucel-L

Algenpantucel-L incorporates a-Gal epitopes into whole-cell vaccines,
triggering hyperacute immune responses. Clinical studies in pancreatic
cancer demonstrated improved disease-free survival, leading to large
Phase 11 trials [14-16].

Literature Review

Cancer vaccines have emerged as a promising component of
immunotherapy, offering both preventive and therapeutic strategies to
combat malignancies. Traditional vaccines for infectious diseases aim
primarily at prevention, whereas cancer vaccines face the complex task of
overcoming tumor-induced immune suppression and targeting self-like
tumor antigens [1,2].

The concept of tumor antigens as targets for vaccine development has
been under investigation for decades. Cheever et al. [3] emphasized the
importance of prioritizing cancer-associated antigens that are aberrantly
expressed or mutated, such as cancer-testis antigens (e.g., MAGE-A3,
NY-ESO-1), which have shown potential for inducing tumor-specific
immune responses.

Adjuvants play a central role in enhancing vaccine efficacy. However,
their success in oncology has lagged behind infectious disease vaccines.
Studies by Hearnden and Lavelle [4] highlighted various adjuvant
strategies, including saponins, emulsions, and microbial components, to
augment T cell-mediated anti-tumor immunity.
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T-cell infiltration and the immunological "contexture™ within tumors are
recognized predictors of clinical outcomes [5,6]. Consequently, vaccines
that effectively stimulate CD8+ cytotoxic T cells and CD4+ helper T cells
are considered essential for durable anti-tumor responses. Nonetheless,
tumor antigens often trigger weak T-cell responses due to immune
tolerance, necessitating innovative vaccine designs [2].

Several vaccine platforms have progressed to clinical trials. Sipuleucel-
T, the first FDA-approved therapeutic cancer vaccine, demonstrated
modest survival benefits in metastatic prostate cancer [7]. Similarly, PSA-
TRICOM, a poxvirus-based vaccine targeting prostate-specific antigens,
showed improved survival, with ongoing studies exploring combination
therapies with immune checkpoint inhibitors [8-10].

Peptide-based vaccines, particularly those targeting MAGE-A3 and NY-
ESO-1, have yielded mixed results. While smaller studies demonstrated
immunogenicity, large trials such as MAGRIT failed to achieve clinical
endpoints, underscoring challenges in translating immune responses into
therapeutic benefits [11].

DNA vaccines offer precision in antigen expression and delivery. Rice et
al. [12] and Stevenson et al. [13] reported preclinical successes with
DNA-based cancer vaccines, with skin electroporation emerging as an
effective delivery method to enhance immunogenicity.

Whole-cell vaccines incorporating a-Gal epitopes, such as
Algenpantucel-L, have shown encouraging results in pancreatic cancer by
exploiting the hyperacute rejection mechanism [14-16].

Overall, the literature reflects steady advancements in cancer vaccine
research, though significant obstacles remain. Tumor heterogeneity,
immune evasion, and limited immunogenicity continue to hinder vaccine
efficacy. Emerging strategies—including combination immunotherapies,
neoantigen-based vaccines, and personalized approaches—represent
promising avenues for overcoming these challenges and improving
patient outcomes.

Research Method

A systematic literature review was conducted using PubMed, Scopus, and
Web of Science, focusing on cancer vaccine development, efficacy,

safety, and mechanisms. Keywords included "cancer vaccines,”
"immunotherapy," "vaccine efficacy," and "cancer immunoprevention."
Results

Cancer vaccines include:

1. Preventive Vaccines: Target oncogenic viruses (e.g., HPV vaccines
Gardasil, Cervarix; Hepatitis B vaccine).

2. Therapeutic Vaccines: Stimulate immune responses against existing
tumors, including:

Sipuleucel-T (prostate cancer)

Talimogene laherparepvec (T-VEC) for melanoma
Peptide vaccines targeting TAAs

Dendritic cell vaccines

DNA and RNA-based vaccines

Page 2 of 5



J. Cancer Research and Cellular Therapeutics Copy rights@ Rehan Haider,

Vaccine Type ||Examp|e(s) ||Target/Mechanism ||Clinical Status |

Patient-derived dendritic cells presenting tumor

Autologous Cell Vaccines ||Sipuleucel-T (Provenge) Approved for prostate cancer [7]

antigens
Recombinant Viral||PSA-TRICOM . . . . .
vVaccines (Prostvac-VF) Poxvirus expressing PSA and co-stimulatory molecules||Phase 111 trials ongoing [8,9]
|Peptide Vaccines ||MAGE-A3, NY-ESO-1 ||Short peptides targeting tumor antigens ||Mixed clinical trial results [11] |
DNA Vaccines Yarlogs . under DII"E'C'[ delivery of genetic material encoding tumor Preclinical and early clinical trials [12,13]
investigation antigens

|Wh0|e-ce|| Vaccines HAIgenpantuceI-L HModiﬁed tumor cells expressing a-Gal epitopes HPhase 11 trials in pancreatic cancer [14-16]‘

Table 1: Types of Cancer Vaccines and Their Characteristics

|Techno|ogy/Approach ||App|ication in Cancer Vaccine Development

|Artificia| Intelligence (AI)||Identifying novel tumor antigens and optimizing vaccine design

|Mu|ti-epitope Vaccines ||Simu|taneous targeting of multiple tumor antigens to overcome heterogeneity

|Machine Learning (ML) ||Predicting immune responses and improving patient-specific strategies |

|Genomics and Proteomics||Persona|izing vaccines based on individual tumor profiles

Source: Adapted from Future Prospects section of this manuscript.

Table 2: Emerging Technologies Shaping the Future of Cancer Vaccines

Mechanism of Action of Cancer Vaccines

ety || e
Administration r ion by nitio
ATER Dendritic Cells Killing
@ Potential Epitope
Ag Spreading and
@ Immune Memory For-
: mation
I
v
Potential Epitope (Immune Checkpoint
Spreading and Inhibitors
Immune MemoryFomation (e.g., anti-CTLA-4,
anti-PD-1)

Figure 1: Mechanism of Action for Cancer Vaccines

Source: Adapted by the authors based on current understanding of cancer vaccine immunology from published literature [1,2,4,5].

e [1] Butterfield LH. Cancer vaccines. BMJ. 2015:350:h988. checkpoint inhibitors and personalized neoantigen vaccines are promising

) ) approaches for overcoming these obstacles.
e [2] Schlom J, et al. Therapeutic cancer vaccines. Adv Cancer

Res. 2014;121:67-124. Future Prospects

e [4] Hearnden C, Lavelle EC. Adjuvant strategies for vaccines  T€chnological advances, including artificial intelligence, multi-epitope
in cancer. In: Prendergast GC, Jaffee EM, eds. Cancer Vvaccines, and genomic insights, are enhancing the design and
Immunotherapy. Elsevier; 2013. personalization of cancer vaccines, improving their potential efficacy.

e [5] Galon J, et al. Type, density, and location of immune cellsin ~ Future Prospects
colorectal tumors predict outcome. Science. 2006; 313:1960—

1964 The future of tumor vaccines displays or takes public the integration of

progressive sciences and an embellished understanding of carcinoma
Discussion immunology. Emerging fields such as machine intelligence (Al) and
machine intelligence (ML) are necessary to play an important role in
recognizing novel cyst-particular antigens and optimizing cure design.
These computational tools can considerably hasten the finding of aims
and improve patient-distinguishing cure growth.

Despite progress, challenges include tumor heterogeneity, immune
evasion, and weak immunogenicity of TAAs. Combination therapies with
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Additionally, the happening of multi-epitope vaccines, which aim to
diversify Cancer-befriended antigens simultaneously, holds meaningful
promise for beating the challenges of cyst variety and immune escape
methods.

Continuous progress in genomics and proteomics will further allow the
embodiment of cancer vaccines, adjusting the ruling class to the singular
microscopic profile of each patient's lump. This embodied approach
proper to embellish vaccine productiveness, humiliate the prospect of
invulnerable resistance, and supply more long-lasting dispassionate
answers.

Collectively, these innovations are suspended to overcome many of the
current disadvantages of malignancy cure therapies and revolutionize the
countryside of malignancy immunoprevention and immunotherapy.

Conclusion

Cancer vaccines have made significant strides, particularly in virus-
associated cancer prevention and treatment of certain malignancies.
Continued research is essential to address existing challenges and realize
their full potential in oncology.

Acknowledgment

The perfecting of this research project would not have been achievable
without the contributions and support of the entirety and organizations.
We are deeply understanding to all those the individual bet any in the gain
having to do with this project. 1 would like to express my truthful
acknowledgment to my coaches, Dr. Naweed Imam Syed, Professor in
the Department of Cell Biology at the University of Calgary, and Dr.
Sadaf Ahmed, Head of the Psychophysiology Research Lab at the
University of Karachi, for their irreplaceable advice and support all the
while all of the research process. Their acumens and information were
effective inform the course having to do with this project.

Declaration of Interest

| at this moment accept that | have no economic or additional individual
interest, direct or indirect, in a few matters that raise or concede the
likelihood of disproving my burdens as a deputy of my commission
Management.

Conflicts of interest
The authors disclose that they have no conflict of interest.
Financial Support and Sponsorship:

No capital was captured to assist in following the growth concerning this
manuscript

Auctores Publishing LLC — Volume 9(4)-244 www.auctoresonline.org
ISSN: 2640-1053

Copy rights@ Rehan Haider,

References

10.

11.

12.

13.

14.

15.

16.

Butterfield LH. (2015), Cancer vaccines. BMJ. 350:h988.
Schlom J, Hodge JW, Palena C, Tsang KY, et al. (2014),
Therapeutic cancer vaccines. Adv Cancer Res. 121:67-124.
Cheever MA, Allison JP, Ferris AS, Finn OJ, et al. (2009), The
prioritization of cancer antigens: a national cancer institute pilot
project. Clin Cancer Res. 15:5323-5337.

Hearnden C, Lavelle EC. (2013), Adjuvant strategies for
vaccines in cancer. In: Prendergast GC, Jaffee EM, editors.
Cancer immunotherapy: immune suppression and tumor
growth. 2nd ed. Elsevier. p. 655.

Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, et al. (2006),
The type, density, and location of immune cells in colorectal
tumors predict clinical outcomes. Science. 313:1960-1964.
Angell H, Galon J. (2013), The Immunoscore: prognostic and
predictive immune markers in cancer. Curr Opin Immunol.
25:261-267.

Sobol I, Thompson RH, Dong H, Krco C, Kwon ED. (2015),
Immunotherapy in prostate cancer. Curr Urol Rep. 16:34.
Kantoff PW, Schuetz TJ, Blumenstein BA, Glode LM, et al.
(2010), Poxviral PSA-targeted immunotherapy in metastatic
prostate cancer: a Phase Il trial. J Clin Oncol. 28:1099-1105.
Jochems C, Tucker JA, Tsang KY, Madan RA, et al. (2014),
Vaccine plus ipilimumab in metastatic prostate cancer: immune
correlates. Cancer Immunol Immunother. 63:407—418.

Madan RA, Mohebtash M, Arlen PM, Vergati M, et al. (2012),
Ipilimumab and poxviral vaccine for prostate cancer: a Phase |
trial. Lancet Oncol. 13:501-508.

Rezvani K, Yong AS, Mielke S, Jafarpour B, et al. (2011), PR1
and WT1 peptide vaccination in myeloid malignancies.
Haematologica. 96:432-440.

Rice J, Ottensmeier CH, Stevenson FK. (2008), DNA vaccines:
precision tools for cancer immunotherapy. Nat Rev Cancer.
8:108-120.

Stevenson FK, di Genova G, Ottensmeier CH, Savelyeva N.
(2013), Genetic vaccines for cancer: design, testing, and
performance. In: Prendergast GC, Jaffee EM, editors. Cancer
immunotherapy: immune suppression and tumor growth. 2nd
ed. Elsevier. p. 655.

Rossi GR, Mautino MR, Unfer RC, Seregina TM, et al. (2005),
Whole-cell vaccines expressing a-Gal epitopes for cancer
treatment. Cancer Res. 65:10555-10561.

Rossi GR, Unfer RC, Seregina T, et al. (2005), Melanoma
rejection  with  o-Gal-expressing ~ vaccines  without
autoimmunity. Cancer Immunol Immunother. 54:999-1009.
Springett GM. (2014), Novel pancreatic cancer vaccines.
Cancer Control. 21:242-246.

Page 4 of 5


https://www.bmj.com/content/350/bmj.h988.abstract
https://aacrjournals.org/clincancerres/article-abstract/15/17/5323/74318
https://aacrjournals.org/clincancerres/article-abstract/15/17/5323/74318
https://aacrjournals.org/clincancerres/article-abstract/15/17/5323/74318
https://www.science.org/doi/abs/10.1126/science.1129139
https://www.science.org/doi/abs/10.1126/science.1129139
https://www.science.org/doi/abs/10.1126/science.1129139
https://www.sciencedirect.com/science/article/pii/S095279151300040X
https://www.sciencedirect.com/science/article/pii/S095279151300040X
https://www.sciencedirect.com/science/article/pii/S095279151300040X
https://link.springer.com/article/10.1007/s11934-015-0509-7
https://link.springer.com/article/10.1007/s11934-015-0509-7
https://ascopubs.org/doi/abs/10.1200/jco.2009.25.0597
https://ascopubs.org/doi/abs/10.1200/jco.2009.25.0597
https://ascopubs.org/doi/abs/10.1200/jco.2009.25.0597
https://link.springer.com/article/10.1007/s00262-014-1524-0
https://link.springer.com/article/10.1007/s00262-014-1524-0
https://link.springer.com/article/10.1007/s00262-014-1524-0
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(12)70006-2/fulltext?elq=20108fd20f854cc68d86d1a7445bb415
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(12)70006-2/fulltext?elq=20108fd20f854cc68d86d1a7445bb415
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(12)70006-2/fulltext?elq=20108fd20f854cc68d86d1a7445bb415
https://pmc.ncbi.nlm.nih.gov/articles/PMC3046275/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3046275/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3046275/
https://www.nature.com/articles/nrc2326
https://www.nature.com/articles/nrc2326
https://www.nature.com/articles/nrc2326
https://link.springer.com/protocol/10.1007/978-1-4939-3387-7_43
https://link.springer.com/protocol/10.1007/978-1-4939-3387-7_43
https://link.springer.com/protocol/10.1007/978-1-4939-3387-7_43
https://link.springer.com/protocol/10.1007/978-1-4939-3387-7_43
https://link.springer.com/protocol/10.1007/978-1-4939-3387-7_43
https://aacrjournals.org/cancerres/article-abstract/65/22/10555/518696
https://aacrjournals.org/cancerres/article-abstract/65/22/10555/518696
https://aacrjournals.org/cancerres/article-abstract/65/22/10555/518696
https://journals.aai.org/jimmunol/article/178/7/4676/78531
https://journals.aai.org/jimmunol/article/178/7/4676/78531
https://journals.aai.org/jimmunol/article/178/7/4676/78531
https://journals.sagepub.com/doi/abs/10.1177/107327481402100311
https://journals.sagepub.com/doi/abs/10.1177/107327481402100311

J. Cancer Research and Cellular Therapeutics Copy rights@ Rehan Haider,

) o ) Ready to submit your research? Choose Auctores and benefit from:

This work is llc.ense.zd under.Creatlve
7 Commons Attribution 4.0 License fast, convenient online submission

rigorous peer review by experienced research in your field

rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

To Submit Your Article Click Here: Submit Manuscript

YV VY VVYY

DO1:10.31579/2640-1053/244

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/cancer-research-and-
cellular-therapeutics

Auctores Publishing LLC — Volume 9(4)-244 www.auctoresonline.org
ISSN: 2640-1053 Page 5 of 5


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=27
https://www.auctoresonline.org/journals/cancer-research-and-cellular-therapeutics
https://www.auctoresonline.org/journals/cancer-research-and-cellular-therapeutics

