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Introduction
Cancer is a leading cause of death worldwide. In 2019, an estimated 1.8 million new 

cancer cases were diagnosed and about 610,000 deaths occurred in the United States due to 
cancer, which has been classified as the second leading cause of death in the United States [1]. 
As a result, much research has been invested into finding a cure. Despite this intensive effort, 
a wide-ranging cure to cancer has not been discovered. However, even in the absence of a 
cure, the body has been able to avert cancer by employing innate defenses before it becomes 
deadly. 

Cancer is a disease that results from uncontrolled cell division, often due to mutations 
in regulatory elements of normal body cells. These are commonly components of signaling 
pathways such as growth factor receptor tyrosine kinases, GTPases, nuclear receptors, and 
developmental pathways such as Hedgehog [2]. In addition to the interference of growth 
pathways, inactivation of inhibitory pathways is also common, as in the case of p53 and PTEN 
[3,4]. Inactivation of cell death mechanisms is also necessary for cancer survival, like the 
disabling of the ERK signaling pathway [5]. Commonly, cancer arises through a combination of 
these mutations, which all overcome cell cycle regulation as well as apoptosis safeguards. The 
groups of mutations can be randomized, resulting in diseases that resist treatments. However, 
this also makes it difficult for cancer to manifest, as many mechanisms have to be inactivated. 
As a result, mutations must arise from many different sources, combining together to create 
cancer, thus allowing for the occurrence of cancer in many different demographics. Without 
mutagens and carcinogens, the formation of cancers would likely be very slow. The key 
relationship between these mutations are in the mut-driver genes or proto-oncogenes, which 
are a set of genes that once mutated, make the manifestation of cancer highly likely [6]. For 
the initiation and progression of tumors, there must be a mutation of multiple caretaker 

Abstract
Modern treatment of cancer heavily relies on methods such as surgery and chemotherapy; however, in the 
last few decades, research into the field of immunology has given rise to vaccines with a focus on utilizing 
immune responses. In this paper, various innate human defenses against cancer will be discussed, starting 
with the extracellular level with a focus on cytotoxic T cells and B cells as well as density and anchorage 
dependence. Then intracellular defenses will be discussed, with a focus on gene transcription limitation 
by p53, the function of PTEN as a negative regulator, and the ERK pathway. Finally, we will explore current 
attempts in vaccine research, focusing on potential breakthroughs such as immunotherapy, CAR T cells, 
and cytokines but also obstacles holding back development such as delivery, immunosuppression, and 
adaptation.

Keywords: Cancer vaccine; p53; Anti-PD1 therapy; CAR T-cell

Novel Approaches in Cancer Study 464

http://dx.doi.org/10.31031/NACS.2020.05.000608
https://crimsonpublishers.com/nacs/


465

Nov Appro in Can Study       Copyright © Yi Lu

NACS.000608. 5(2).2020

genes, which code for components that participate in DNA quality 
protection, leading to genetic instability. Subsequently, multiple 
gatekeeper genes, which prevents tumorigenesis by coding for 
mechanisms that limit cell traits, must be mutated, giving the cell 
a growth advantage that allows it to outpace neighboring healthy 
cells. Eventually, this results in the offspring of the mutated cell 
dominating the surrounding tissues, forming a tumor [7]. These 
caretaker and gatekeeper genes are key to some of the intracellular 
defenses against cancer.

Once the initial cancer cells develop, they must also survive the 
attack by the immune system, which often destroys cancerous cells 
before they proliferate. To accomplish this, cancer cells employ a 
type of camouflage against lymphocytes. This camouflage focuses 
mainly on altering MHC I receptors on tumor cells and immune 
system suppressor cells [8]. This leads to an interesting balance 
between the immune system and cancer, which results in three 
options: elimination, equilibrium, or proliferation [9]. In the first 
option, cancer fails to avoid the immune system and is destroyed. 
This would occur if a cancer cell’s MHC I signals for its destruction 
or the immune system is not suppressed. Equilibrium, the second 
option, is a temporary state, in which the immune system fails to 
destroy cancer, but cancer also cannot metastasize. In the third 
option, proliferation, the cancer cell successfully evades the 
immune system and metastasizes. The struggle between these 
states is characterized by extracellular defenses, which will be 
described further into the paper.

Intracellular Defenses
There are various mechanisms and pathways used to prevent 

the development of cancer. This section will be examining some of 
the key mechanisms that limit and eliminate cancer within cells as 
well as how mutations can overcome them.

P53
One of the most widely known and important defenses against 

cancer, the p53 protein, is a tumor suppressor protein that regulates 
the cell’s genome integrity. Using its tetramer structure, p53 can 
bind to specific sections of DNA (Figure 1), which then allows those 
areas to undergo transcription, eventually producing proteins that 
carry out p53’s functions [10]. For p53 to bind to the DNA, p53 must 
first be stabilized, which requires the mdm2-p53 complex to be 
interrupted. Normally, mdm2 destabilizes the p53 produced within 
a cell, resulting in rapid p53 degradation, rendering p53 unable 
to carry out its function. However, in the case of DNA damage or 
oncogene activation, the structure of p53 is disrupted, allowing the 
mdm2-p53 complex to break, resulting in p53 stabilization [11]. 
Once p53 stabilizes, it begins to bind to a specific section of DNA, 
which varies depending on what initially triggered p53 activation; 
therefore, the method of p53 activation also regulates the function 
of the p53 [12]. Depending on the activation method, p53 will either 
trigger cell cycle arrest, DNA repair, apoptosis, or a combination of 
these. P53 plays a role in the G1/S, S, and G2 Cell cycle checkpoints; 
however, this paper will mostly focus on p53’s function in the G1/S 
checkpoint. In the G1/S checkpoint, p53 induces the production of 

p21, a CDK inhibitor. P21 proceeds to inhibit CDK/cyclin complexes, 
resulting in cell cycle arrest [13]. P53 is also able to trigger DNA 
repair in a variety of forms to correct DNA mutations. These repairs 
include nucleotide excision repair (NER) for UV irradiation, base 
excision repair (BER) for oxidative modifications and mismatch 
repair (MMR) for replication mismatch [14]. In NER, BER, and 
MMR, p53 performs transcriptional regulation on the necessary 
components of each pathway. Additionally, p53 also performs 
actions apart from transcription for each of the pathways; however, 
the exact interactions between p53 and the repair mechanisms 
are not currently well studied, and scientists only know that the 
presence of p53 likely functions as a DNA transcription factor 
for the components of the repair mechanisms and has a physical 
interaction with the mechanisms after transcription [15]. Finally, 
p53 can trigger apoptosis in the case of irreparable DNA damage. 
To promote apoptosis, p53 initiates the transcription of pro-
apoptotic proteins in the Bcl-2 family and the transcription of the 
pro-apoptotic caspase mechanisms. These mechanisms then cause 
cell death through various pathways, depending on the genes 
transcribed [16].

Figure 1: The tetramer structure of p53.

Autophagy
Autophagy is the process of degradation of a cell’s own 

components by the lysosome. The mechanism of autophagy occurs 
through two similar methods: macro-autophagy and chaperone-
mediated autophagy. Both methods require the use of a lysosome, but 
they differ in their transport of cell components into the lysosome. 
In macro autophagy, the component undergoing degradation is first 
enclosed in a double membrane vesicle called the auto-phagosome. 
The autophagosome is then fused with a lysosome, dissolving the 
contents. In chaperone-mediated autophagy, the components, 
usually proteins in this case, are transported across the membrane 
of a lysosome, resulting in degradation [17]. Through this process, 
a cell can control the quality of large components, such as entire 
organelles. This, in turn, can be an effective cancer prevention 
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mechanism as mutant proteins can be degraded before they can 
trigger responses and extracellular invaders can be eliminated 
before DNA damage occurs [18]. An example of this can be seen 
in the increased risk of cancer through chronic inflammatory 
bowel disease (Crohn’s disease). Impairment of autophagy, in this 
case, results in greatly increased chances of cancer development, 
showing the importance of autophagy in cancer prevention [19]. 
Aside from autophagy cancer prevention, autophagy can also be an 
effective target in cancer treatment to slow cancer development. 
Once cancer has successfully developed, autophagy is often used 
by the cancer cells to support metabolism and allow the cells to 
survive in stressful tumor environments. Therefore, by inhibiting 
successful autophagy in cancer cells, the cancer growth rate can be 
reduced or even stopped depending on the cell’s microenvironment 
[20].

PTEN
PTEN is a key part of the phosphatidylinositol 3-kinase (PI3K) 

pathway, which is a regulator of cell growth, division, and survival. 
PTEN is the negative regulator in this pathway, which makes it 
incredibly important in preventing cancer development through an 
overexpression of this pathway. Ordinarily, the PI3K pathway will 
receive a signal via a receptor, which activates P13K. PI3Ks then 
convert the membrane molecule PtdIns(4,5) into the secondary 
messenger PtdIns(3,4,5)P3, which is used to activate various 
protein targets that cause the responses found in the pathway such 
as cell proliferation and quiescence. PTEN prevents this pathway 
from overexpressing itself by converting PtdIns (3,4,5) P3 back 
into PtdIns(4,5), thus preventing the secondary messengers from 
causing a response [21]. When PTEN becomes inactivated, the PI3K 
pathway loses its negative regulatory element, allowing the cells to 
quickly grow and proliferate, resulting in tumor formation [22].

ERK
The extracellular signal-regulated kinase (ERK) is a part of 

the RAS-RAF-MEK-ERK (MAPK) signaling pathway, which once 
activated, causes gene expression of cell proliferation factors. This 
pathway participates in various processes, such as the cell cycle, 
apoptosis, and cell proliferation, thus for cancer to form, many of 
these processes must be disrupted [23,24]. However, since some 
of the processes caused by this pathway are needed for cancer 
development, the mutations must be able to individually target 
elements. This is possible through mutations of inhibitors of each 
step of the signal cascade. For instance, the BRAF gene is often a point 
of mutation. BRAF produces the BRAF protein, which functions as 
part of the pathway. Although not completely understood, cancers, 
especially melanomas, have been found to have a high amount of 
BRAF proteins, suggesting the mutations increase gene expression 
and that an increase in BRAF results in cancerous traits [25].

Extracellular Defenses
Along with the intracellular mechanisms, the human body 

also has various extracellular defenses against the development 
of cancer. This section will primarily focus on components of the 
immune system and how they monitor cells for tumor development.

Cytotoxic T-Cells
Cytotoxic T-Cells (CTCs) represent the cell-mediated response 

of the immune system and are a key part of immunity against 
cancer. CTCs, along with Natural Killer (NK) cells, are outfitted with 
the cluster of differentiation 8 (CD8) co-receptor, which allows 
for the T-cell receptor to bind to the major histocompatibility 
complex (MHC) 1 molecule [26]. The MHC 1 molecule is found on 
all nucleated cells and presents an antigen. Usually, the antigen 
presented is recognized by CTCs and NK cells as a signal of self, thus 
normal cells are not attacked by the immune system. However, in the 
case of a viral infection, cancer, or some other types of disturbance, 
the antigen presented by MHC 1 may be altered, which is detected 
by CTCs. This causes CTC activation and target cell death through 
several methods. These methods usually involve the release of the 
death ligands TNFα, FasL, and TRAIL, which trigger apoptosis [27]. 
CTCs can also use perforin and granzymes to eliminate target cells. 
Perforins are glycoproteins used to form pores on the surface of cell 
membranes. Granzymes are serine proteases that induce apoptosis 
once inside target cells. Using both together, CTCs first create 
pores in the target cells then release granzymes through the pores 
directly into the cell, thus preventing damage to neighboring cells 
and effectively eliminating the malfunctioning cell [28,29].

B-cells
Unlike CTCs, B-cells are less commonly associated with 

anticancer mechanisms as they facilitate the humoral response of the 
immune system, rather than the cell-mediated response. However, 
B-cells still have an important interaction with cancer development 
that should be explored. B-cells can produce antibodies, which 
diffuse throughout the body and bind to specific antigens. These 
antibodies are also able to bind to tumor antigens, which results in 
an increased immune response against the tumors [30]. This can be 
clearly shown in an experiment performed by DiLillo, Koichi, and 
Tedder, using a mouse model, in which a lack of B-cells resulted in a 
greatly increased tumor size and metastasis rate [31]. Interestingly, 
B-cells also seem to be able to hinder anti-cancer responses in the 
immune system. Through the production of cytokines, regulatory B 
cells (Bregs) can inhibit the immune response of CTCs and NK cells, 
thus aiding cancer development. A specific cytokine produced by 
Bregs is TGFβ, which can convert immature T-cells into Regulatory 
T-cells, which then proceed to inhibit mature T-cell functions [32]. 
This ability can also be hijacked by cancer cells, as certain tumors 
can produce molecules that cause normal B-cells to be converted 
into Bregs, increasing the concentration of Bregs around the tumor 
and preventing immune responses from occurring [33].

Density dependence
Density dependence for growth occurs in normal cells in order 

to prevent the creation of excess cells. Since tumors are an excessive 
agglomeration of cells, this trait must be lost in cancers. Normally, 
cell to cell contact results in growth inhibition in both cells. This 
is caused by the membrane glycoprotein contactinhibin, which 
binds to a plasma membrane protein and then initiates a signal 
transduction pathway leading to growth inhibition [34]. Cancers 
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overcome this pathway by focusing on the fact that density-
dependent growth regulations mostly occur in the transcription 
level or the post-transcriptional level. For instance, in the case of 
fibroblast growth factor 2 (FGF2), cancer mutations change the 
translational regulations on the production of FGF2, thus allowing 
tumor growth to occur despite density-dependent pathways 
attempting to limit the production of the growth factor [35].

Anchorage dependence
Similar to density dependence, anchorage dependence in cell 

growth is also a way to limit cell proliferation, although instead of 
density, anchorage dependency is based on surface contact. This 
trait exists in all tissue cells, aside from those in the hematopoietic 
system, thus preventing normal body cells from having the ability 
to metastasize throughout the body. Once again, cancer must find 
a way to negate this regulation in order to exist [36]. Anchorage 
dependence functions through the use of integrin receptors 
in interactions between the extracellular matrix and the cells 
themselves. The exact mechanisms and pathways involved in the 
interactions between growth factor receptors (GFR) and integrins 
are still currently being researched but the involvement of integrins 
and GFRs seem certain. In addition to growth, the lack of anchorage 
triggers anoikis (a specific type of apoptosis) once the ECM 
becomes detached (Figure 2) [37]. In the case of cancer, the cell 
modifies its cytoskeleton and ECM, as well as reverts into a state 
similar to the cell in the embryonic development stage, in which 
they are able to metastasize without facing anoikis. Additionally, a 
cancer cell can also choose to begin overexpression of pro-survival 
signals in a different step of the signal transduction pathway. This 
results in the pro-survival signals overpowering the anoikis signals 
released by ECM detachment, thus also allowing the survival of 
the metastasizing cell. Through these strategies as well as other 
strategies such as autophagy, a cancer cell can overcome anchorage 
dependency and proliferate [38].

Figure 2: The pathway to Anoikis after loss of ECM 
contact.

Treatment Research
In an attempt to combat cancer, modern medicine relies heavily 

on techniques such as chemotherapy and surgery to remove 
tumors. However, despite heavy interest in finding a cure, both 
successful and unsuccessful treatments have to face obstacles that 
are innate within cancers. For the currently successful treatments 
and promising new treatments, these obstacles fall into three 
main categories: cancer adaptability, immune suppression, and 
treatment delivery [39].

Cancer adaptability
A key trait of cancer is its ability to develop resistance against 

certain treatments and find loopholes around others, rendering 
usually successful treatments ineffective. This development of 
resistance is not the mutation of individual cancer cells to be 
resistant towards the treatment, but rather the change in selective 
pressure on the cell population in cancer leads to the “evolution” 
of cancer. An example of this can be seen in cancer metabolism 
adapting to present resources [40]. When subjecting tumor cells 
to a low glucose environment, increased mutation levels were 
found in KRAS, BRAF, or GLUTI genes, which allow for improved 
glucose uptake and tumor cell survival. Additionally, the cells 
that were able to survive in the environment all underwent some 
sort of mutations in these genes while all other cells died off, 
thus showing the cancer population adapting towards the new 
environment [41]. In the same way, tumor cells can also adapt to 
treatments aimed at specific mechanisms of cancer development. 
For instance, chemotherapy is often used to eradicate cancer in 
modern treatments; however, certain cancer populations have an 
innate resistance to chemotherapy drugs, resulting in the potential 
for cancer to relapse after treatment. This is common especially in 
cancer such as ovarian cancer, which has relapse rates up to 80% 
[42]. Within the ovarian cancer cells, the cell-surface exposure of 
CXCR4 receptors results in increased growth rate and chemotherapy 
resistance. Chemotherapy eliminates the cells with low amounts of 
CXCR4 receptors, allowing the rapidly growing high CXCR4 cells to 
proliferate and ultimately causing relapse [42].

Immune suppression
Ordinarily, the human immune system provides an effective 

deterrent against most illnesses and even prevents the development 
of many cancers. However, often by hijacking the body’s cells, 
cancers can evade the immune system. The immune system 
typically fights cancer through the use of T-cells. The response 
begins with antigen-presenting cells (APCs) taking up antigens to 
identify the cancer with. The APCs then activate T cells to begin 
an antitumor response. To prevent this response, cancer cells 
activate T regulatory cells, which opposes the antitumor response 
[43]. Myeloid-derived suppressor cells (MDSCs) are also a key part 
of cancer’s ability to suppress the immune system. MDSCs are a 
group of heterogeneous cells that originate in myeloid tissues. 
They suppress T cell function by many different mechanisms, 
such as amino acid deprivation or interleukin production [44]. 
Tumors utilize this function by creating a chronic inflammatory 
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environment through the production of inflammatory factors, such 
as granulocyte-macrophage colony-stimulating factors, which then 
attracts the MDSCs, which in turn then causes immune suppression 
in the area, preventing T cells from targeting and destroying the 
cancer cells [45].

Treatment delivery
Cancer can arise anywhere in the human body and also has 

very similar or identical characteristics with normal body cells, 
thus making successful treatment delivery difficult. Once again, 
this issue can be seen clearly in chemotherapy. Chemotherapy 
uses low molecular weight (LMW) drugs in order to eliminate 
tumor cells present in an area in the body; however, since cancer 
cells are malfunctioning body cells, the drugs are equally as toxic 
to healthy cells and the LMW of the drugs result in easy dispersion 
throughout the body [46]. This results in systemic damage through 
the treatment and also limits the effect of the treatment of cancer 
as the dosage can only be increased to a certain point before the 
negative effects are too great [47]. To attempt to solve this problem, 
new technology, such as nanotechnology, and new research has 
revealed interesting techniques. One of these discoveries is the idea 
of the enhanced permeability and retention (EPR) effect. The EPR 

effect states that the delivery of macromolecular drugs will result 
in a much higher concentration accumulating in the tumor than 
unhealthy regions of the body. This is due to the characteristics 
of cancer vascular systems and the lack of lymphatic systems 
in the tumor, thus providing a potential treatment method as 
nanotechnology continues to improve [48]. Nanotechnology has 
also progressed to allow for nanorobots, which could be the most 
accurate drug delivery technique. Using robots created from a DNA 
strand, the drug can easily bypass healthy cells and release itself 
within cancer cells [49].

Potential breakthroughs
This section will focus on three treatments (CAR T-cell therapy, 

anti-PD1 therapy, and cytokines) while Table 1 will give more 
summaries of emerging treatments. Before focusing on each 
treatment individually, the point should be made that these all 
fall into the category of immunotherapy, which is a new treatment 
method that is not yet as popular as classical chemotherapy or 
surgery. Immunotherapy focuses on using the immune system to 
fight against cancer by finding ways to aid the natural anticancer 
responses [50].

Table 1: Lists additional new treatments for cancer and a summary of their mechanisms.

Treatment Summary

Anti-CTLA-4 Therapy (Ipilimumab) Similar to Anti-PD1 therapy, this treatment uses the antibody ipilimumab to block the CTLA-4 receptor, 
which eliminates an immune system checkpoint [54].

Hormone Therapy Controls hormone levels within the human body to limit and reduce cancer progression and development 
[55].

Bacillus Calmette-Guerin (BCG) Uses a live vaccine with bacterium from bovine tuberculosis to stimulate an immune response against 
bladder cancer [56].

CAR T-cell therapy
Chimeric Antigen Receptor (CAR) T-cell therapy involves 

modifying a patient’s T-cells in order to increase antigen specificity, 
which allows T-cells to target tumors. This modification adds CARs, 
which are specifically created in laboratories to target certain 
cancer antigens to T-cells, thus allowing detection of previously 
invisible targets. The therapy usually involves immune-depletion, 
which is the patient undergoing chemotherapy to kill off normal 
T-cells, after which the new CAR T-cells are introduced to fight off 
cancer [51]. Current trials have shown CAR T-cell therapy capable 
of efficiently treating tumors and blood cancers; however, potential 
downsides of cytokine release syndrome and toxicity have also 
been reported [52].

Anti-PD1 therapy
Anti-programmed cell death protein 1 (PD1) therapy is a type 

of immune system release treatment which eliminates certain 
control mechanisms of the immune system to boost cancer-fighting 
ability. Specifically, PD1 is a cell surface receptor that is found on 
many types of immune cells, such as T-cells and upon stimulation, 
results in decreased cytokine production and eventually leads to 
cell apoptosis. This, in turn, limits the effectiveness of the immune 
system in targeting cancer cells that are able to trigger PD1 

stimulation; therefore, the anti-PD1 treatment uses antibodies to 
attack and inhibit PD1, which overcomes the immune checkpoint, 
allowing a stronger immune response. Current testing has revealed 
that the patients undergoing the therapy have significantly 
increased survival rates compared with chemotherapy [53].

Cytokines
Cytokines are molecules that enable short distance immune 

system communication. Currently, many types of cytokines have 
been identified and their functions have been recorded and new 
laboratory-created cytokines have been used to modify normal 
immune responses towards attacking cancer cells. However, 
although many augmented responses have shown to be effective at 
limiting or destroying tumors, the use of cytokines have also been 
known to cause immunosuppression, toxicities, and other negative 
effects, and research is still attempting to achieve a complete 
understanding of cytokines before any practical treatments can be 
created [54].

Conclusion
Current research has attempted to discover new methods for 

slowing and arresting cancer development. Many of these achieve 
their effectiveness through supporting or improving existing 
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anticancer defenses found in humans. Therefore, in order to 
understand and improve the research, the mechanisms they alter 
must be thoroughly investigated.

A key mechanism used to eliminate cancer is the immune 
system. As previously described, Cytotoxic T cells and B cells 
are both key parts of this system. Cytotoxic T cells ordinarily 
eliminate cells in a cell-mediated response, which allows them 
to carry out the elimination of cancer cells. As a result, many 
immunotherapies focus on the improvement of these cells, either 
through strengthened cancer cell identification, as in CAR T cells 
or through a less regulated immune system, as in Anti-PD1 therapy. 
B cells, while less effective for directly eliminating cancerous cells, 
provide the role of activating and regulating the immune system. 
The ability of B cells to release antibodies and cytokines allows it 
to steer the immune system to attack targets. However, due to its 
role of regulation, B cells are subjected to “hijacking” by cancer 
cells. Examples of cancer forcing B cell conversion into B regulators 
and increasing their concentration around tumors in order to 
inhibit immune responses. Due to this, research has focused on 
preventing B cells from overregulating the immune system as well 
as using artificial cytokines to direct immune responses towards 
eliminating cancer. Research shows that cytokines are able to direct 
any immune response towards cancer elimination, even if the initial 
response was triggered to stop a different illness.

Various pathways in ordinary cells also provide some insight 
into potential cancer prevention. The previously discussed 
anchorage and density dependence factors found in body cells are 
points of interest, as a part of cancer’s difficulty to be treated is 
its ability to metastasize throughout the body. Since these factors 
eliminate cancer’s ability to spread, they are often inhibited in 
cancer development. Failure to overcome these pathways leads to 
cancer cell death upon metastasis, which should result in greatly 
decreased difficulty in tumor removal through surgery. Research 
reveals that various points in the pathways can be used by cancers 
to inhibit the factors, thus making it difficult to completely prevent 
inhibition without further research in the future.

Although currently not widely used for cancer treatment, 
intracellular mechanisms are also a part of cancer prevention. 
The widely known p53 is an example of this, as it is almost always 
inhibited in order to allow cancer development. However, despite 
an extensive understanding of p53, common cancer treatments 
based solely on this mechanism are very rare and not widely 
used. This may be due to difficulties in altering or supporting p53 
to prevent cancer cells from bypassing since p53’s importance 
in cancer prevention would cause it to be difficult for outside 
factors to influence. Other cell mechanisms, such as the PTEN and 
ERK pathways are also key parts in preventing types of cancers; 
however, similar to p53, treatment focusing on these pathways are 
very uncommon. For these pathways, the difficulty appears to be in 
their complexity, which allows for cancer to inhibit them at many 
possible stages. Finally, autophagy is an interesting intracellular 
mechanism that both inhibits and promotes cancers. In a pre-
cancer cell, autophagy could potentially kill off the cell, arresting 

the development of a potential cancer; however, in a post-cancer 
cell, autophagy is often used to provide the cell with additional 
energy and nutrients to allow it to outcompete normal cells and 
then survive in a tumor environment. 

Current anti-cancer vaccines undergoing clinical trials primarily 
fall into two categories: therapeutic and preventative. Therapeutic 
vaccines are the previously described methods (CAR T-cell, Anti-
PD1, Cytokines), which directs and strengthens the immune system 
against tumor cells. Very few therapeutic vaccines are licensed for 
clinical practice, the most prominent being sipuleucel-T (Provenge), 
which uses specific cytotoxic T cells that activate upon detection 
of prostate acid phosphate (a tumor-associated antigen expressed 
in prostate cancer) by modified dendritic cells [55]. Preventive 
vaccines aim to prevent oncoviruses from causing the development 
of cancer and include such vaccines as the HPV vaccine (Gardasil) 
and hepatitis B virus vaccine, both of which are qualified for clinical 
practice [56]. In clinical trials, the gp100 melanoma vaccine and 
L-BLP25 (Stimuvax) are promising therapeutic vaccines likely to 
become licensed in the future. In a phase III clinical trial, the gp100 
melanoma vaccine along with a standard interleukin 2 therapy 
were given to patients with advanced stage III/IV melanoma. The 
patients receiving both treatments demonstrated a significant 
improvement in response rate and progression-free survival when 
compared to those receiving only the interleukin 2 therapy [57]. 
Despite this promising outcome, other studies show conflicting 
results, which warrants further testing [58]. The other vaccine, 
Stimuvax, is undergoing phase III trials and may demonstrate the 
ability to target a broader number of cancers due to its targeting of 
mucin 1 [59]. 

The development of these vaccines is filled with the physical 
risk of the vaccine and its components and the economic cost 
of research or production. Many of the vaccines target tumor-
associated antigens which causes autoimmunity through a lack of 
selectivity [60]. Another risk is the potential toxicity from adjuvant 
use. Adjuvants amplify the immunogenic effect of the vaccine; 
thus, they are important for the overall effectiveness of the vaccine 
and are commonly used. However, when applied in an incorrect 
situation or amount, effective adjuvants become harmful. For 
example, aluminium salts are impressive in preventative vaccines 
due to their ability to induce Th2 antibody-mediated immune 
responses. Yet, this effect is not useful for therapeutic vaccines, 
which require cell-mediated immune responses [61].

The cost effectiveness is also an important point to consider 
when determining the successfulness of a vaccine. Although 
vaccines such as Provenge demonstrate some degree of success, 
the vaccine is autologous to each patient due to techniques such 
as autologous cell transplant. This makes the cost of treatment 
extremely high for individuals ($98,780 for a complete treatment) 
[62]. According to Holko et al. [63] Provenge in addition to 
standard treatment (chemotherapy, etc.) results in an incremental 
cost-effectiveness ratio of $289,964/QALY, which is significantly 
above commonly accepted thresholds of $50,000-$100,000/
QALY. These costs and relatively poor cost-effectiveness compared 
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with traditional treatments results in few patients undergoing 
the vaccines, which in turn lowers the incentive for research into 
improved vaccines. Additionally, the components needed in the 
vaccines (i.e. MPL and MF59) may have limits in production which 
further drives up vaccine costs [64].

Overall, the advancement towards an anti-cancer vaccine 
has progressed rapidly in recent years and several promising 
treatments have appeared to undergo trials. However, while many 
obstacles have been overcome in these newest discoveries, many 
more have appeared which must be addressed [65-67].
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