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How Do Cancer Vaccınes Work?

Abstract

Cancer is a series of diseases that occur when the controlled cell growth and division mechanism is lost caused by the disorder 
of a group of genes. Various biological causes such as genetic mutations, viral factors, activation of proto-oncogenes, dysfunc-
tion of the apoptosis mechanism, immunosuppression, and chronic inflammation can initiate carcinogenesis [1]. Are cancer 
and carcinogenesis preventable? Cancer vaccines, which aim to prevent and treat cancer, are a new hope recently. Cancer 
vaccines are a current approach that aims to protect against cancer by strengthening the immune system and treating cancer in 
combination with existing treatment approaches [2]. Treatment approaches vary depending on the type of cancer, the stage of 
the disease, the patient's age, and general health condition. Cancer vaccines can be personalized for the patient and particular 
cancer type. Cancer vaccines are examined under two headings: Therapeutic cancer vaccines and preventive cancer vaccines. 
Preventive cancer vaccines aim to prevent cancer types due to viral factors or infection [3]; therapeutic cancer vaccines do not 
directly target the tumor but stimulate the patient's immune system and stimulate the patient's immune cells to fight cancer. 
Biologically, we can examine cancer vaccines in five subgroups: There are five types: Antigen vaccines, tumor cell vaccines, 
antibody-based vaccines, DNA vaccines, and viral vector-based vaccines. [4] What cancer vaccines promise to the scientific 
world and patients is as follows: It is predicted that it can prevent cancer by enabling the patient to create memory cells that en-
able the patient to develop an immune mechanism against viral factors and antigens that cause cancer. If applied together with 
existing treatment methods, it gives the potential to fight cancer by strengthening the patient's immune system and has fewer 
side effects than existing treatment methods [5]. It may be functional in preventing recurrence during the follow-up period after 
treatment. Some cancer vaccines approved by the FDA and still in the developmental phase.
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Introductıon
Cancer is a series of diseases that occur when the controlled 
cell growth and division mechanism is lost caused by the dis-
order of a group of genes. Genetic factors, smoking and al-
cohol consumption, age, general health status, and obesity 
are the main risk factors for most cancers. Various biological 
causes such as genetic mutations, viral factors, activation of 
proto-oncogenes, dysfunction of the apoptosis mechanism, im-
munosuppression, and chronic inflammation can initiate car-
cinogenesis [1]. Are cancer and carcinogenesis preventable? 
Cancer vaccines, which aim to prevent and treat cancer, are a 
new hope recently. Cancer vaccines are a current approach that 
aims to protect against cancer by strengthening the immune 
system and treating cancer in combination with existing treat-
ment approaches [2]. 
Treatment approaches vary depending on the type of cancer, 
the stage of the disease, the patient's age, and general health 
condition. Cancer vaccines can be personalized for the patient 
and particular cancer type. Cancer vaccines are examined un-
der two headings: Therapeutic cancer vaccines and preventive 
cancer vaccines. Preventive cancer vaccines aim to prevent 
cancer types due to viral factors or infection [3]; therapeutic 

cancer vaccines do not directly target the tumor but stimulate 
the patient's immune system and stimulate the patient's im-
mune cells to fight cancer. Biologically, we can examine can-
cer vaccines in five subgroups: There are five types: Antigen 
vaccines, tumor cell vaccines, antibody-based vaccines, DNA 
vaccines, and viral vector-based vaccines [4]. 

What cancer vaccines promise to the scientific world and pa-
tients is as follows: It is predicted that it can prevent cancer 
by enabling the patient to create memory cells that enable the 
patient to develop an immune mechanism against viral factors 
and antigens that cause cancer. If applied together with exist-
ing treatment methods, it gives the potential to fight cancer by 
strengthening the patient's immune system and has fewer side 
effects than existing treatment methods [5]. It may be func-
tional in preventing recurrence during the follow-up period 
after treatment. Cancer vaccines approved by the FDA. For 
instance, Herceptin (Trastuzumab) for breast cancer, NeoVax 
for melanoma, and Rexin-G cancer vaccine. Surgical treat-
ment, chemotherapy, radiotherapy, and immunotherapy and 
their combinations with cancer vaccines apply to the patient's 
general health condition and treatment process.
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What are Cancer Vaccines?
Cancer vaccines are the current approach that aims to protect 
against cancer by strengthening the immune system and treat-
ing cancer alone or in combination with existing treatment ap-
proaches [6]. Developing cancer vaccines and getting ready to 
apply is a long and challenging process. That is demanding 
improvement in a single vaccine that will provide trouble-free 
and long-term protection against all types of cancer. Cancer 
vaccines are improved specifically to the type of cancer. Re-
cent vaccine studies focus on the development of vaccines for 
patients [7]. Thus, during the development of cancer vaccines, 
personalization studies are carried out for the type of cancer 
and the patient. Cancer vaccines are divided into two main cat-
egories according to their purpose: Preventive cancer vaccines 
and therapeutic cancer vaccines. Preventive cancer vaccines 
aim to create the body's immune response against pathogens 
that can initiate carcinogenesis. Some popular preventive can-
cer vaccines approved by the FDA are, Hepatitis B and Hepa-
titis C for liver cancer and HPV for cervical cancer. Most can-
cer vaccines consist of therapeutic vaccines. The main goal of 
therapeutic vaccines is to facilitate cancer treatment in combi-
nation with existing treatment methods [8]. For example, there 
are vaccines such as HER/2 for breast cancer, some cancer vac-
cines for advanced-stage ovarian cancer [9], and DPX-0907 
for small cell lung cancer, which are effective in more than one 
cancer, such as EP-2101.

How Do Work Cancer Vaccines?
Preventive cancer vaccines work in several steps. Cancer-caus-
ing antigens are injected into the patient in weakened or killed 
suspension form. To stimulate the patient's immune system and 
create an immune mechanism against cancer. Antigens stimu-
late the production of antibodies, and antibodies neutralize the 
disease agent. Cancer vaccines also enable the formation of 
memory cells. Memory cells are a group of cells that directly 
recognize cancer antigens and create a rapid immune response. 
Memory cells formed by antigens are by the secondary im-
mune response. For example, Human Population Virus is one 
of the significant risk factors for cervical cancer. HPV vaccine 
is known as a preventive cancer vaccine for cervical cancer 
[10]. The biological functioning of the HPV vaccine is as fol-
lows: HPV vaccine contains virus proteins (L1 and L2 capsid 
proteins) and some virus-specific antigens. Antibody produc-
tion begins against antigens detected by the immune system 
and neutralizes the HPV virus. In the next step, memory cells 
that will play an active role in long-term immunity occurs. 
Protection is provided against HPV-related cancer types, espe-
cially cervical cancer.
Therapeutic cancer vaccines do not directly target tumors and 
cancerous areas. Therapeutic cancer vaccines support the im-
mune system and encourage the body to fight cancer. For this 
reason, therapeutic cancer vaccines apply in combination with 
existing cancer treatment approaches. The effectiveness of 
therapeutic cancer vaccines varies according to subtypes.

Types of Cancer Vaccines
Therapeutic cancer vaccines are classified according to their 
biological content and functioning. Therapeutic cancer vac-
cines are categorized into two main headings: Specialized and 
general cancer vaccines. Vaccines that aim to strengthen the 
immune system and trigger an immune response in a specific 
type of cancer are called specialized cancer vaccines. Special-
ized cancer vaccines target cancer cells or proteins that may be 
related to cancer, creating an immune response. In some types 

of cancer, patient-specific treatment approaches may need to 
improve. Specialized cancer vaccines are a hope for personal-
ized treatment. General cancer vaccines aim to prevent, treat, 
or control cancer in almost all types of cancer. However, Im-
proving a vaccine that works smoothly for all kinds of cancer is 
challenging. Therapeutic cancer vaccines have five subgroups:
1. Antigen vaccines
2. Tumor cell vaccines
3. Antibody-based vaccines
4. DNA vaccines
5. Viral vector-based vaccines.

Antıgen Cancer Vaccınes
Antigen cancer vaccines directly target the tumor and tumor 
cells and stimulate the immune system to create an immune re-
sponse [11]. Antigen vaccines contain tumor-specific protein or 
peptide antigens. These antigens come from patients' tumors. 
Most antigens in the cancer process consist of the body's own 
modified proteins. For this reason, the immune system may 
have difficulty recognizing these antigens as foreign antigens. 
This tolerance must exceed for an effective antigen vaccine to 
work. Antigen vaccines work in several steps: A form of can-
cer antigens or cancer-specific antigens are given to the body 
along with the vaccine. The first goal is to perceive cancer 
antigens as foreign and harmful to the immune system. Once 
the immune response to detected antigens occurs, T and B im-
mune cells are activated, and the antigen is destroyed. In the 
last step, the immune response is improved against cancer by 
the memory cells. T cells can generally recognize all antigen 
proteins, except for some exceptional cases. Some advantages 
of antigen vaccines are as follows: Although it depends on the 
type of cancer, it provides a specific treatment opportunity by 
directly targeting cancer cells and tumors. It may have mini-
mal side effects compared to current treatment approaches. It 
causes less tissue damage. Since it aims to strengthen the im-
mune system, it helps the body keep cancer under control. The 
major disadvantage of antigen vaccines is that they are ineffec-
tive in the patient. Cancer vaccines can be effective, but that 
process could take time. They can be economically challenging 
because they are too complex and expensive. Some possible 
side effects of antigen vaccines include pain and swelling at the 
injection site, fever and chills, skin reactions, nausea, and vom-
iting. Provenge (Sipuleucel-T) for prostate cancer, Oncophage 
(Vitespen) for kidney cancer, and HER2/neu for breast cancer 
are antigen vaccines improved.

Tumor Cell Vaccines
Tumor cell vaccines work in such a way as to stimulate the 
patient's immune system to create an immune response to the 
patient's cancer cells. The content of the vaccine consists sim-
ply of tumor cells isolated and made safe from the patient him-
self or another patient. For the immune system to detect tumor 
cells as foreign, gene recombination and sometimes different 
chemicals are added to the cells [11]. There are two types of 
tumor cell vaccines: Allogeneic and autologous vaccines. Allo-
geneic vaccines come from isolating the tumor cells of another 
patient. It is injected into the patient together with one or more 
adjuvants. Autologous vaccines, on the other hand, consist of 
the isolation of the patient's tumor cells as a content. Tumor 
cell vaccines work biologically; firstly, preparation of the vac-
cine content, cells are isolated in the tumor and made pure by 
irradiation. Antigens are injected into the patient to detect the 
immune system. The immune response to the detected cells is 
improved, and after the formation of memory cells, the immune 
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are a subset of tumor cell vaccines, and dendritic vaccines tar-
get a potent immune response to provide more effective stimu-
lation of the immune system [13]. Some of the advantages of 
tumor cell vaccines are that they are specially produced for 
each patient and thus offer the possibility of personalized treat-
ment. It trains the immune system to fight cancer. It can reduce 
the recurrence rate. It has minimal side effects compared to 
current treatment approaches. The disadvantage of tumor cell 
vaccines is they may be ineffective on cancer. Even if effective, 
this process can be slow, and tumor cell vaccines are expen-
sive. Inflammation, pain, allergic reactions, malaise, and fever 
are present in the side effects. Rexin-G cancer vaccine, Gvax 
for pancreatic cancer, and Herceptin(Trastuzumab) for breast 
cancer are some tumor cell vaccines developed.

Antıbody Cancer Vaccines
Antibody cancer vaccines target specially produced antibodies 
against cancer cells to stimulate the immune system. Antibody 
cancer vaccines are less likely to damage other tissues because 
vaccines target cancer cells directly. Antibody cancer vaccines 
work on the same principle as other cancer vaccines. The im-
mune system recognizes antibodies, and then the memory cells 
are formed to improve the immune response. The possibility 
of specific treatment, low side effects, and long-term immu-
nosuppressive antibody cancer vaccines are among the advan-
tages. High cost and the duration and speed of effectiveness are 
slow is one of the disadvantages of antibody cancer vaccines. 
Rituximab(Rituxan) for lymphoma and types of leukemia, and 
Ipilimumbab (Yervoy) are examples of antibody cancer vac-
cines used to treat melanoma.

DNA-Based Cancer Vaccines
DNA cancer vaccine is a suspension containing genetic mate-
rial obtained by isolating a cancer cell's DNA [14]. The es-
sential purpose of DNA vaccines is to ensure that the body can 
have a unique immune response to its tumor cells. The goal 
of the vaccine is the formation of an immune response with 
the release of more T-lymphocytes. DNA isolated and purified 
from tumor cells is injected into the patient in a naked form 
or with a harmless virus. An antigen-specific response occurs 
by the immune system, and the attack on tumor cells begins. 
With the formation of memory cells, the vaccine is considered 
to have functioned flawlessly. DNA caser vaccines are easy 
to administer and offer the possibility of a personalized treat-
ment. DNA vaccines are generally safe, but a vaccine prepared 
with oncogenic DNA can increase management. DNA-based 
cancer vaccines should be applied with caution by oncologists 
and patient cooperation. Its production is cheaper compared 
to other types of vaccines. DNA vaccines may cause minimal 
side effects, such as mild fever and sensitivity at the injection 
site. Lucaniz is an example of a DNA-based cancer vaccine 
developed for lung cancer, Renal kidney cancer, and OncoVax 
for colorectal cancer.

Viral Vector-Based Cancer Vaccınes
Viral vector-based vaccines are a kind of nucleic acid vac-
cine. Vaccine suspension containing viral vectors genetically 
modified to stimulate the immune system to fight cancer are 
viral vector-based cancer vaccines. Viruses, bacteria, or an an-
tigen inside the body apply as a viral vector(immunotereupatic 
agent). The viral vector is selected, and the vector is ensured 
that it will not cause disease. The genetic material of the cancer 
antigens combines with the viral vector. After the vaccine in-

jection, the viral vector begins to multiply in the body. An im-
mune response occurs against this new antigen. The triggered 
immune cells take action against tumor cells, and as a result, an 
immune response to cancer has formed with the memory cells. 
Viral vector-based vaccines are very diverse. It ensures the 
creation of a long-term and effective immune response [15]. 
Increasing malignity in viral vector-based cancer vaccines is 
one of the side effects. It may cause immunotolerance. The 
production of viral vector-based vaccines, on the other hand, is 
too costly and complicated. The clinical trial phase can also be 
challenging. OncoVex GM-CSF for head and neck cancer, Ad-
VEC for breast cancer, and JX-594 are some viral vector-based 
vaccines developed for liver cancer.

Conclusıon
Cancer is a disease that occurs due to the loss of control of the 
cell cycle and growth due to changes in the activity of a speci-
fied group of genes. Studies have been intensively continuing 
to prevent cancer and develop new treatments.  Cancer vaccines 
are one of the current treatment approaches developed for this 
purpose. The cancer vaccines improve the immune system and 
provide long-term protection against cancer by creating an im-
mune response to possible cancer agents. There are two types 
of cancer vaccines: preventive cancer vaccines and therapeutic 
cancer vaccines. Most of the cancer vaccines developed are in 
the group of therapeutic cancer vaccines. Therapeutic cancer 
vaccines train the immune system to fight the body's cancer 
cells. it provides specific treatment and long-term protection 
and has minimal side effects compared to current treatment ap-
proaches, which are the main advantages of cancer vaccines. 
Disadvantages of cancer vaccines are that they are produced at 
a high cost and complex process, and have no effect or slow ef-
fectiveness.  Cancer vaccines have minimal side effects, but the 
viral vectors used in some types of vaccines may increase ma-
lignity [16]. Some cancer vaccines are approved by the FDA, 
and some vaccines are still in developmental phase.
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