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Abstract: Generally, cancer is a serious problem no matter what type of cancer, even though we have many types of
medication, including vaccination. Most vaccines are created to prevent or boost immunity. However, the vaccine
that this literature review mentioned was made to treat cancer. As the medical professionals wanted to treat the
cancer patients precisely, a cancer vaccine was developed, not for prevention but as a cure by tricking the immune
system. The vaccines have been developed using four melanoma antigens groups: overexpressed antigens, cancer-
testis antigens, mutant oncogenes, and patient-specific mutated neoantigens. In addition, two technologies, Tumor
antigens and Stimulation of anti-tumour immunity, have advanced based on the mechanism of cancer vaccines. Most
importantly, the critical potential of cancer vaccine treatment for Melanoma has some clinical studies about the
vaccinations that have been advanced and existed in much research, plus, it has been tested with humans. The history
of melanoma skin cancer immunizations is extensive. It can stimulate immunological responses. An efficient
vaccination platform is examined in this dynamic sector. This includes immunizations based on neoantigens and
skin cancer virus inclusions.
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I. INTRODUCTION

Over the last decade, there has been a renaissance of interest in therapeutic cancer vaccines. A better understanding of the
range of tumor-related antigens, the natural immune response, and the development of innovative antigen delivery systems
has resulted in improved vaccine design [1, 2]. The objective of therapeutic cancer vaccines is to promote tumor regression,
eradicate minimal residual disease, establish permanent antitumour memory, and prevent non-specific or undesirable side
effects [3, 4]. For decades, it has been recognized that the immune system may be spontaneously activated against melanoma
[5]. The presence of tumor infiltrating lymphocytes (TIL) in tumor deposits is associated with a favorable prognosis [6, 7].
Cancer vaccination involves approaches to generate, enhance, or distort antitumor immunity [8, 9]. To achieve this goal,
tested approaches include administration of tumor antigens, antigen-presenting cells (APCs) or other immune modulators,
or direct regulation of the tumor [10-12]. Cancer vaccination may play an important role in the future combination therapies,
as successful checkpoint blockade may be partially dependent on established anti tumor responses [13, 14]. This review
aims to explore the advancement of cancer vaccines for melanoma treatment, plus, to inspect what current evidence is and
what technology that can be an alternative for patients.

I1. CANCER VACCINE BACKGROUND

Vaccines have opened up new avenues for preventing and treating infectious illnesses [15, 16]. The earliest vaccine was
discovered in 1796 by Edward Jenner, who found that the cowpox vaccine protects against smallpox infection [17]. As the
vaccine developed, it was used to treat more diseases, including cancers [3, 18]. In 1980, the initial cancer vaccine based
on tumor cells and tumor lysates was developed [19]. In order to treat colorectal cancer, researchers used autologous tumor
cells [7, 20]. The discovery of the first human tumor antigen, melanoma-associated antigen 1, in the early 1990s opened a
new chapter in the use of tumor antigens in cancer vaccines [21, 22]. In 2010, a dendritic cell-based vaccine (Sipuleucel-T)
was effectively utilized to treat prostate cancer, demonstrating the viability of cancer vaccines and igniting interest in the
topic [23-25]. The COVID-19 epidemic has accelerated the development of vaccine technologies and pushed cancer
vaccines back into the public eye [26]. To stimulate the patient’s immune system, cancer vaccines primarily use tumor-
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associated antigens (TAAS) and tumor-specific antigens (TSASs) [24, 27]. In theory, the vaccine might induce both specific
cellular immunity and humoral immune response, preventing tumor development and eventually eradicating tumor cells
[28, 29]. Most cancer vaccines are currently in the preclinical and clinical stages of development [30]. More specific
antigens and vaccine development platforms need to be developed [31].

Cancer vaccines vary from ordinary vaccinations in that they attempt to destroy tumor cells via tumor antigen-specific
cellular immune responses [32]. Only two FDA-approved prophylactic vaccinations have been used to prevent viral cancers
(Hepatitis B virus and human papillomavirus) [33, 34]. Furthermore, unlike typical vaccinations that use antigens from
external diseases, tumor antigens are endogenous and have minimal immunogenicity [35]. Itis frequently difficult to trigger
an efficient immune response to tumor antigens. Traditional vaccinations also produce humoral immunity [1, 24]. However,
for cancer vaccines, CD8+ cytotoxic T cell-mediated cellular immunity is critical in eradicating malignant cells [36, 37].
Platforms for cancer vaccines are classified into four categories based on their preparation methods: cell-based vaccines,
viruses-based vaccines, peptide-based vaccines, and nucleic acids-based vaccines [18]. Cell-based cancer vaccines are
vaccinations that utilize entire cells as antigen carriers [38]. Cell-based vaccinations are the most common type of pre-
clinical cancer vaccine, with dendritic cells (DCs) vaccines showing promising outcomes in clinical studies [24, 39]. Virus-
based cancer vaccines cure and prevent cancers by using viruses as vectors [28]. Peptide-based vaccinations are made up
of tumor antigen epitopes that are known or anticipated. Peptide-based vaccines are frequently less immunogenic,
necessitating the use of adjuvants to improve immunogenicity [40]. DNA and RNA vaccines are nucleic vaccinations that
contain the encoding gene and a carrier group of pathogen antigens [41, 42]. DNA cancer vaccines are closed circular DNA
plasmids that encode TAAs or immunomodulatory compounds to stimulate tumor-specific responses [43, 44]. In vitro,
MRNA vaccines can encode antigens and express proteins after internalization to trigger an immune response [38].
Combining cancer vaccinations with other immunotherapies or standardized treatments has shown to be a successful
technique for overcoming tumor resistance and improving clinical outcomes in recent years [18, 45]. Cancer vaccinations
have been thoroughly researched throughout the last decade [46]. The widespread availability and low cost of high-
throughput sequencing methods have resulted in the discovery of multiple tumor neoantigens [47]. The comprehensive
knowledge of immunological mechanisms and the development of several novel vaccination platforms has greatly aided
cancer vaccine research [17, 39].

I1l. MECHANISM OF CANCER VACCINES
A. Tumor antigens

Antigen selection is a virtual step in the development of cancer vaccines [48]. Tumor antigens identified by T cells are
critical to cancer vaccination effectiveness [49, 50]. The ideal antigen for a cancer vaccination should be highly
immunogenic, specifically expressed in all cancer cells (but not in normal cells) and required for the cancer cells survival
[44]. Tumor antigens are classified as TAAs or TSAs [39]. TAAs are often referred to as tumor-shared antigens [18]. TAAs
are “self-antigens” such as differentiated antigens, overexpressed antigens, cancer-testicular antigens, and viral-derived
“non-self” antigens [17, 27]. Human epidermal growth factor receptor 2 (HER2) and human telomerase reverse transcriptase
are two well-known examples of overexpressed tumor antigens [51]. Tissue differentiation antigens are expressed by tumor
cells as well as normal cells derived from the same tissue as tumor cells, such as prostate-specific antigen (PSA) expressed
in the prostate gland and prostate cancer, melanoma antigens tyrosinase expressed by normal melanocytes, and melanoma
cells [52]. TAAs are versatile and may be used on a variety of patients. TAAs were the primary target of early cancer
vaccinations [53]. However, because of the thymus’s central immunological tolerance, activated T cells that detect TAAS
or other autoantigens may be destroyed throughout development, reducing the vaccines’s potency [49]. As a result, TAA-
based cancer vaccines must be appealing enough to “break the tolerance” [54]. Despite the fact that TAAs have been studied
for many years, clinical studies of TAA-based cancer vaccines have had minimal success [43]. Furthermore, TAAs are
expressed in non malignant tissues, raising the possibility of vaccine-induced autoimmune damage [44].

TSAs are a kind of protein that is only found in tumor cells [24]. TSAs are frequently referred to as neoantigens [55]. The
individual-specific non-autogenous proteins created by tumor cell mutations [18]. Neoantigens are solely produced by
tumor cells, eliciting a genuine tumor-specific T-cell response with minimal “off-target” harm [53]. Neoantigens are more
immunogenic than TAAs and have a stronger affinity for the major histocompatibility complex (MHC) [38, 56]. They are
also unaffected by central immune tolerance [18]. The widespread use of next-generation sequencing technology enables
the identification of individualized neoantigens in a fast and cost-effective manner [24, 30]. Furthermore, the advent of
algorithms for predicting MGC | class binding epitopes has tremendously aided in the identification of possible novel
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immunogenicity epitopes [57]. Cancer vaccines targeting neoantigens have become the primary focus of tumor vaccine
research in recent years [58]. Several clinical trials utilizing neoantigen vaccinations have recently generated positive
results, including enhanced patient survival [28, 59]. A classic example is an mMRNA neoantigen melanoma vaccination,
which triggered T cell infiltration and neoantigen-specific death of autologous tumor cells [41, 42]. Following
immunization, the occurrence of metastatic events was dramatically decreased, resulting in long-term progression-free
survival [60]. Furthermore, the neoantigen-loaded DC immunization might induce a T cell-specific response, leading to
antigen dissemination in melanoma patients [38]. Although tailored cancer vaccines based on neoantigens have yielded
promising outcomes, a vast percentage of projected neoantigens tend to elicit very few anti-tumor responses. Furthermore,
variances in tumor types and people restrict the use of mutant neoantigen-targeted cancer vaccines. As a result, finding
high-quality neoantigens for the development of neoantigen vaccines is critical.

The high-quality neoantigens should have the following characteristics: First, they must have a high affinity for human
leukocyte antigen (HLA); second, they must be highly heterologous compared to the wild type; third, they must be expressed
by the majority of tumor cells; and fourth, they must be produced as a result of mutations that influence survival [61]. These
neoantigens might elicit a strong immune response and limit the formation of tumor-immune escape [62]. At the moment,
no research has determined the appropriate amount of neoantigens for a tumor vaccination [38]. A neoantigen vaccination
often comprises hundreds of neoantigens [63]. For instance, a customized neoantigen DNA vaccine (GNOS-PV02) encodes
up to 40 neoantigens, encompassing every discovered neoantigens in the vast majority of hepatocellular carcinoma patients
[64]. Scientists have recently expanded the antigen pool for immunization by fusing common antigens with neoantigens
with neoantigens to boost vaccine efficacy [64]. For instance, the APVACL/2 vaccines can successfully trigger the T-cell
response in the treatment of glioblastoma because they include both common tumor antigens and patient-specific
neoantigens [64, 65]. The combination of tailored neoantigen vaccinations with PD- 1 or PD-L1 inhibitors has also shown
anti-tumor effectiveness in preliminary clinical investigations [66].

B. Stimulation of anti-tumor immunity

Antigen-presenting cells (APCs) are essential for tumour-induced immune activation. DCs, the crucial link between innate
immunity and adaptive immunity, are the most crucial [67]. DCs are the first antigen presenters, able to acquire antigens
and cross-present them on MHC | molecules [68]. Immature DCs can recognise and capture antigens by phagocytosis and
micropinocytosis [68, 69]. The stimulation of immature DCs by Toll-like receptor ligands in the tumour microenvironment
(TME) may temporarily boost antigen-specific micropinocytosis, which may increase DCs' ability to trap antigens with toll-
like receptor ligand adjuvants [69]. MHC I, MHC I, and costimulatory molecules on the surface of DCs will be elevated
following antigen uptake, and DCs will gradually lose their capacity to take up antigens. Antigen-laden DCs move to drain
lymph nodes, the prominent location of T cell priming [70]. Mature DCs provide CD4+ and CD8+ T lymphocytes with
processed antigen epitopes on MHC | and MHC Il molecules [30]. In addition, DCs release I1L-12 and interferon (IFN) to
boost the synthesis of costimulatory factors. The interaction of MHC—peptide complex—T cell receptor and costimulatory
"signal 2" activate tumour-specific T lymphocytes [17, 71]. Activated T cells develop into memory T cells with a long
lifespan and effector T cells [31]. Effector tumor-specific T lymphocytes proliferate and migrate to the tumour
microenvironment (TME) to trigger tumour cell death via cytotoxicity and the production of effector cytokines [31].
Activated B cells also enhance tumour death via antibody-dependent cellular cytotoxicity (ADCC) and complement-
dependent cytotoxicity [31, 67].

Additionally, immunogenic cell death results in the release of tumour antigens and damage-associated molecular patterns
[34]. In turn, the tumour antigens released by lysed tumour cells can be collected, processed, and re-presented by APCs to
activate polyclonal T cell responses, therefore expanding the antigenic breadth of antitumor immune responses [48]. The
term for these processes is the cancer-immunity cycle [48]. CD4+ T cells collaborate with other types of immune cells [72].
CD4+ T cells induce ongoing T cell initiation, growth, and antigen dissemination, extending the repertoire of antitumor T
cells [72]. IFN-y produced by Th1 CD4+ T cells upregulates MHC T on tumour cells, enhancing CD8+ T cell cytotoxicity
[72]. In addition, Th1 CD4+ T cells increase the inflammatory microenvironment by interacting with diverse immune cells
within tumours [8]. CD4+ T cells also regulate CD8+ T effector cell development [72]. Cytotoxic T lymphocytes (CTLs)
are essential for eliminating tumour cells and presenting their corresponding antigen [73]. After activation by antigen
receptors, CD8+ T cells multiply and develop into CTL effector cells [73]. To eliminate tumour cells, activated CTLs will
enter the core of the tumour or infiltrate the location [72, 73]. The quantity of CTLs in TME is a crucial indicator of cancer
prognosis [72, 73]. CTLs identify tumour cells displaying target antigens and attack target cells in several ways [19]. CTLs
might eliminate cancer cells by generating and releasing cytotoxic particles such as perforin and granzymes. In addition,
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CTLs trigger death in target cells via FasL-mediated interactions [18]. In addition, the release of IFN-y and tumour necrosis
factor (TNF-a) by CTLs causes cancer cell cytotoxicity [74]. IFN-y may decrease the angiogenesis of cancer cells and
induce M1-polarized macrophages [74]. IFN-generated by CTLs facilitates their maturation into effector CTLs [74]. In
conclusion, cancer vaccines primarily eliminate tumour cells by stimulating cellular immunity and initiating the cancer-
immunity cycle to play a permanent antitumor function [74].

IV. MELANOMA ANTIGENS

There are four groups of melanoma antigens: overexpressed antigens, cancer-testis antigens, mutant oncogenes, and patient-
specific mutated neoantigens [55]. All have demonstrated effectiveness as targets in vitro and murine models and have been
evaluated in clinical trials with certain solid tumours [52]. Melanoma lineage antigens such as MART-1/Melan-A,
tyrosinase, and gp100 (expressed in > 90% of melanoma tumours) are overexpressed antigens [22]. The most remarkable
avidity T cells specific to these typical "self" antigens may have been eliminated or depleted by persistent antigen
stimulation, leaving only less efficient, lower avidity T cells activated [75]. Cancer testis antigens are expressed in a fraction
of most tumour tissue types and germ cells typically overlooked by the immune system due to their physiological position
[21]. The vast MAGE-A, MAGE-B, and MAGE-C families and NY-ESO-1 (expressed in 9 to 51% of melanomas) are
examples of such antigens [12, 76]. These antigens have been implicated in treatment responses in human clinical
studies. Neoantigens are antigens that develop from random somatic alterations in tumour cells [24]. Mutant oncogenes
have been discovered in recent decades, as have frequently occurring shared mutations in the RAS family of oncogenes
(NRAS is mutated in 15 to 25% of melanomas) [77]. Still, people used to think it was unlikely that such mutations would
be present in a processed, shown, and immunogenic MHC limited epitope in a defined MHC class | or Il molecule. This
made it hard to target shared mutations by vaccination in a clinical trial [77].

V. TUMOR-INFILTRATING LYMPHOCYTE THERAPY IN MELANOMA

Cellular therapy has transformed the treatment of hematologic malignancies, but applying these methods to solid tumours
has proven to be rather difficult [78]. There are currently no authorised cellular treatments for solid tumour patients [78].
The recent success of lifileucel in treating melanoma resistant to checkpoint inhibitors was welcomed with tremendous
enthusiasm [39]. In addition to continuing trials using lifileucel, substantial research is being conducted on innovative
commercial TIL treatment products (NCT05050006, NCT03997474) [79]. Numerous institutes have begun to prepare for
the regulatory licencing of commercial TIL agents [79]. Coordination of care might be complicated because of the
interdisciplinary nature of TIL therapy [79, 80]. Communication across numerous care teams necessitates substantial
preparation and the employment of qualified staff [79]. An outpatient oncologist may treat a patient, a surgeon, an inpatient
cellular therapy/bone marrow transplant/disease-specific team, and subspecialists necessary to address toxicity during TIL
treatment [79, 80]. To guarantee the correct management of resected tumour tissue for cell collection, further coordination
is required between the surgeon, operating room personnel, pathologists, and TIL producer [79]. Transitions between the
referring medical oncologist, surgeon, cellular therapy physician, and inpatient and outpatient teams must be carefully
organised, and measures must be implemented to prevent catastrophic patient safety blunders [72]. Researchers have done
the majority of care coordination in clinical trials, and the expenses of care coordination are included in clinical trial budgets
[81]. However, to expand access to TIL outside of clinical trials, individual hospitals will need to educate and retain care
coordination personnel [81]. This will be conceivable for major facilities that want to treat many patients with cellular
therapy, but it is uncertain how smaller institutions will manage the associated costs and human resources needs
[81]. Further practical concerns involving the generation and delivery of TILs impede the therapy's broad application [24].
TILs need the surgical excision of a suitably big tumour or a collection of tumours [24]. The patient selection might be
hampered by the inaccessibility of tumours and the morbidity of surgical excision [24]. Therefore, there is a great deal of
interest in the possibility of collecting and growing TILs from biopsies, which would be a significant step toward enhancing
patient access [44, 81].

The necessity for hospitalisation and specialised knowledge in delivering IL-2 is another significant hurdle to the
widespread adoption of TIL treatment [7]. Experience in delivering IL-2 and treating its toxicities is diminishing due to the
widespread use of checkpoint inhibitors, which prompted many clinics to cease offering IL-2 treatment [7]. Expert
outpatient facilities may safely administer lymphodepleting chemotherapy and cell infusions, but IL-2 delivery requires
continual monitoring [80]. Alternative I1L-2 formulations safe for outpatient administration are being investigated, although
their effectiveness for TIL treatment remains uncertain [62]. Alternative dosage regimens, or even the removal of IL-2,
have been proposed to minimise toxicity [62]. However, there is presently no data indicating the effectiveness of this
strategy with contemporary TIL products [62, 82].
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VI. CONCLUSION

Cancer vaccination has a lengthy history in melanoma, with efficacy in inducing immune responses, although only a
minority of patients have ever seen objective clinical responses. This dynamic field of study examines effective vaccination
platforms, including, more recently, neoantigen-based vaccination and oncolytic virus combination.
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